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[THIRD SERIES.] 


Art. XI.—ZHistory of the Changes in the Mt. Loa Craters ; by 
JAMES D. Dana. Part I, KILAUBA. 


[Continued from page 451, vol. xxxiii.] 
2. KitavEA FROM JANUARY 1840 TO 1868 INCLUSIVE. 


THE history of Kilauea thus far presented sustains the state- 
ment of my Expedition Report that three great eruptions 
occurred in the seventeen and a half years between the early 
part of 1823 and the summer of 1840, with intervals between 
of eight to nine years. The history reviewed also indicates 
that the method of change was, in a general way, alike for each 
interval, from the emptied state of the pit to that of high-flood 
level preparatory to discharge ; and alike.in the down-plunge 
of the floor consequent on the discharge. Further, the various 
accounts agree in referring the filling of the pit to outflows of 
lavas from lava-lakes, cones and fissures over the bottom of 
the crater, and in mentioning no facts that point to other con- 
curring means. 

During the following twenty-eight-year period, from 1840 to 
1868, these several subjects received not only contributions of 
new facts, but the most fundamental of them, on the method of 
filling the pit, facts enough for a widened and apparently final 
explanation. Even within the first six years of the twenty-eight 
the demonstration was made out, though not published until 
1851. The only down-plunge of the floor in this period, pro- 
ducing a lower pit, occurred at its close in 1868. 

Am. Jour. Sct.—TuHirD Series, VoL. XXXIV, No. 200.—Aveust, 1887. 
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As the emptied state of the crater is the starting point for 
this second period of the history, and future changes have a 
degree of dependence upon it beyond what is generally under- 
stood, Wilkes’s map is presented herein outline. It is reduced 
one-third lineally, and is so labelled as to bear its own explana- 
tions. The only additions are B, for Lord Byron’s encamp- 
ment, and K, for Kamohoalii, the highest point on the western 
wall. The scale of the reduced map is 5000 feet to the inch. 
The base of the upper and lower walls is indicated on it by a 
fine line. The position of this line in the lower pit shows a 
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wide divergence from Mr. Drayton’s sketch (Pl. XII). My 
observations put the truth between the two; the walls were 
largely vertical, but had for long distances a high talus of lava 
blocks, to which additions were being made by frequent falls 
even eight months after the eruption. Only at one place was 
the descent from the black ledge to the bottom gradual, and 
this was on the northwestern side, where was a convenient 
way down.* 

* See my Exped. Geol. Rep., p. 176. Captain Wilkes’s map differs from Mr. 


Drayton’s sketch also in the small width at the neck between the lower pit and 
Halema’uma’u. My impressions accord with the sketch, but are of no weight 
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(1.) Changes in the Crater from 1841 to 1849.—The changes 
after the year 1840 went forward in the usual quiet way, vary- 
ing much from time to time, but on the whole with some in- 
crease in activity. In July, 1844, “the Rev. Mr. Coan was 
near when the large lake overflowed its margin on every side, 
spreading out into a vast sea of fire, filling the whole southern 
part of the crater as far as the black ledge on either side, aud 
obliterating the outlines of the cauldron ;”* and this was an 
example of what was often happening; but sometimes more 
extensively. Only two years afterward, in June of 1846, Mr. 
Coan reportst that “the repeated overflowings had elevated 
the central parts of the crater 400 or 500 feet since 1840, so 
that some points are now more elevated than the black ledge.” 
This last statement implies that in only six years, the lower pit, 
nearly 400 feet deep in June of 1840, had been almost or quite 
obliterated. However extravagant it may seem it was true. In 
the course of the next month, July, Rev. Chester S. Lyman 
(afterward Professor of Mechanics and Physics in the Sheffield 
Scientific School of Yale University), visited the crater and 
found it in the condition reported by Mr. Coan. The account 
of his investigations which he published statest that “the 
whole interior of the pit had been filled up nearly to a level 
with the black ledge, and in some places 50 to 100 feet above 
it.” Moreover, Mr. Lyman proved that the change was not a 
change of level i in the ledge, instead of the center of the pit, by 
measuring a base and taking, with a quadrant, the altitude 
above it of the high western wall, making it 680 feet, which 
agrees very nearly with the result ‘of Wilkes’s measurement. 

Beyond all this, Mr. Lyman obtained full testimony as to 
the way in which the rapid obliteration of the pit had gone forward. 
He found that while the bottom of the pit was almost level 
with the “ black ledge,” there was upon it, along the inner mar- 
gin of the ledge,” “a continuous ridge more than a mile in length 
consisting of angular blocks of compact lava, resembling the 
debris at the foot of a range of trap or basalt,” and that this 
ridge had a height “on its outer or eastern face often of 50 or 
106 feet [above the ledge], especially toward the south part, 
against a survey. The crater Kilauea-iki is not named at all in Wilkes’s map, 
unless ‘ Lua-Pele” (a name of Kilauea) is intended for it. Mr. Wm. T. Brigham, 
on page 25 of this volume, expresses his confident opinion that the name Kilauea- 
iki (Little Kilauea) has become fastened to the wrong one of the two eastern pit 
craters. But it is used as here on the recent government maps, and was so used 
by Ellis in the earliest account of the crater; and it is the one of the two craters 
that is large enough to be so contrasted with Kilauea. 

* My Expl. Exped. Report, p. 193. + Ibid. 

¢ This Journal, IT, xii, 75, 1851. A letter from Mr. Lyman, dated Sandwich 
Islands, July, 1846, is referred to on page 193 of my Expedition Geological Report, 
but no facts respecting the crater are there cited except the one that some parts 


of the center stand 100 to 150 feet above the black ledge; I have no knowledge 
of what it contained beyond this. 
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where it approached the Great Lake.” Another remarkable 
feature of related import, was the existence generally of a 
trough, or ‘‘canal” as it had been called, between the ridge. 
and the margin of the ledge, ‘several rods in width and in 
some places 40 or 50 feet in depth.” The ridge looked highest 
from the black ledge side, the ledge being lower than the inte- 
rior plain. Following it southward, the slope on the interior 
side diminished in height, and finally run out, while on the 
black ledge side, the elevation increased until the slope 
became a precipice over 100 feet high, which was so steep at 
“its southeastern limit that stones hurled from the hand 
cleared the foot of the bluff.” The stones were “ nearly three 
seconds in falling, which would give for the perpendicular 
elevation the amount just stated,” [or between 140 and 150 feet. ] 

The “canal,” as was learned from Mr. Coan, had been filling 
up, from a previous depth of 200 feet, by flows of lava from 
the Great South Lake. . On one occasion the lake, “ filled to 
the brim,” poured out two streams, from “nearly opposite 
points of the lake,” which followed the broad canal of either 
side, fifty or more feet deep and wide, “until they came within 
half a mile of meeting under the northern wall of the crater, 
thus nearly enclosing an area of about two miles in length 
and a mile and a half in breadth.”* In 1846, it was nearly 
filled, and in some parts entirely: gbliterated. 

After a survey of the facts as to the position and nature of 
the long ridge of lava blocks and comparing with the condi- 
tion in 1840, Mr. Lyman concluded that the ridge ‘once con- 
stituted a éalus, or accumulation of debris,” on the floor at the 
foot of the walls of the lower pit of 1840; that the floor with 
its margin of blocks had “been elevated, partly by upheaving 
forces from beneath, and partly by overflows from the Great 
Lake and other active vents,”’ until the talus overtopped “the 
precipice at the foot of which it was accumulated.” He adds: 
“The phenomenon seems inexplicable on any other hypothesis 
than that of the bodily upheaving of the inner floor of the crater.” 
“ When visited by the Exploring Expedition in 1840, the sur- 
face of the Great Lake was between three and four hundred 
feet below the black ledge and measured only 1000 by 1500 
feet in diameter. Consequently in six years the lake had not 

* Coan, Life in Hawaii, 1882, p. 263. Mr. Coan does not give the date of the 
event here mentioned ; but no such ‘‘canal”’ is in the record except that of 1846. 
The time of the first recognition of the canal is not stated. It is certain that 
the “two deep fissures” of July, 1844 (Coan, this Journal, II, ix, 361, and my 
Exped. Rep., p. 193), were not the two sides of the canal; for they were opened 
“under the black ledge” and encircled “the whole southern area,” while the 
Lyman canal encircled the whole interior of Kilauea. Further, as Mr. Coan says, 


these fissures around the southern area soon became filled with lava that was 
pouring over from the lake; while the “canal” was to a large extent unfilled in 


1846. 
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only increased in size, but it had actually risen in height as 
much as it had been previously depressed by the out-draining 
of lavas in the eruption of 1840. This gradual rising of the 
solid embankment of the lake cotemporaneously with the lake 
itself, together with the filling up of the whole interior of the 
crater, is doubtless to be attributed to the combined effect of 
repeated overflowing together with the upheaving agency of 
subterranean forces.” 
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Mr. Lyman took a few compass bearings in the crater, and 
some angles with a quadrant which he had constructed for the 
Kilauea visit, and left, with a friend on the Islands, a rapidly 
penned sketch of the crater showing the general condition of 
the interior. A reduced copy of the map with its lettering is 
here given. The chief discrepancy between it and the descrip- 
tion is in the large interval between the “ridge” and the 
“canal,’’ the latter being too near the outer wall. The “ ridge,” 
as is seen, is made to extend through half the circumference of 
the lower pit. The ‘ Furnace,” marked on the map, is described 
in his paper as oven-like, ten or twelve feet high, with walls a 
foot thick; as being inactive but showing within a glowing 
white heat early in July, but “in full blast” at his second visit 
in August, six weeks later. The large depression in the crater, 
which contained steaming fissures and chasms, appeared to 
have been the site of a former lava-lake. 
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The crater at the time of Mr. Lyman’s visit was moderately 
active. The diameters of the Great Lake were 2400 and 2000 
feet. Over its surface, ten or fifteen feet below the brim, on 
which he stood, the lavas were in gentle ebullition, tossing up 
broken jets 5 to 15 feet, and passing through frequent transi- 
tions between a crusted and a wholly molten state. It is evi- 
dence of relatively feeble activity that, standing on the brink, a 
handkerchief before the face was sufficient to shield it from the 
heat. In November of 1840, it was hardly possible to walk on 
the black ledge abreast of the lake, on account of the intense 
heat and light. The lavas had a general movement to the 
southwest. ‘A large stick of wood thrown on the lake, at a 
point where the ebullition produced a sort of eddy or rolling 
in of the lava, was immediately taken out of sight ; but the 
next instant a more violent ebullition with a sudden outburst 
of flame and smoke told how, almost instantaneously, the stick 
had been transformed into charcoal.” 

The following year, in July, the Great Lake was boiling in 
much the same way as in 1846, with the liquid lavas still 
accessible, so that portions were taken out with canes.* 

Karly in 1848 the lake was the most of the time unusually 
inactive and became, as Mr. Coan states,t+ thickly encrusted 
over. The solid crust was soon after raised into a dome 200 
or 300 feet high, covering the whole lake. By August, the 
dome was almost high enough “to overtop the lower part of 
the outer wall of Kilauea and look out upon the surrounding 
country.” The fires within were visible through fissures; and 
occasionally lavas were ejected in sluggish masses, or forcibly, 
from several apertures or orifices of the dome, which “rolled 
in heavy and irregular streams down the sides,” spreading and 
cooling over the slopes or at the base. ‘The dome, as it now 
stands,” Mr. Coan wrote, “has been formed by the compound 
action of upheaving forces from beneath, and of eruptions from 
the openings forming successive layers upon its external sur- 
face.” 

This is the first account of a dome over Halema’uma’u ; and 
the description and explanation of it agree with accounts of the 
most recent. During the most part of the year 1848, “no fire 
was to be seen in Kilauea, even in the night.” 

(2.) Eruption (probably) of 1849, and changes from 1849 to 
1855.—After the events just mentioned, no important change 
in the crater is mentioned before the spring of 1849, when in 
April and May there was a return to great activity, and start- 
ling detonations were ‘heard from the cones about the dome. 
The lavas were projected to a height of 50 to 60 feet from 
an opening in the top of the dome, and moreover the action 


* Coan, this Journal, II, xii, 80, letter of Jan., 1851. + Coan, ibid., p. 81. 
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became so violent elsewhere that “travellers feared to descend 
into any part of the crater.” This state of unusual activity 
was such as foreboded an eruption. It suddenly ceased, and 
probably by a subterranean discharge. It left the central 
plateau and the dome undisturbed; but the lavas were gone 
from Halema’uma’u and steam and vapors were the evidence 
left as to fires beneath. 

A time of unusual quiet, of “steaming stupefaction,” fol- 
lowed, and continued on through 1850 and 1851.* Early in 
1852, the orifice at the top of the dome was 100 feet across and 
boiling lavas were seen within.t By July, this orifice had in- 
creased to 200 feet; and it was still enlarging by falls of great 
masses into the abyss 150 feet below, while steam and smoke 
were escaping from many holes in the sides of the dome, and 
lavas were ejected through a fissure dividing the west wall from 
top to bottom. Elsewhere the interior of Kilauea had little 
changed.t Mr. Coan predicted the speedy engulfment of the 
falling dome; but in the latter part of 1853 it was still stand- 
ing, and probably was two miles in circuit, with a height of 
300 to 600 feet.§ 

The great central plateau, surrounded by what used to be 
called the “black ledge” continued rising, and in 1853, its 
surface by Mr. Coan’s estimate, was 600 feet ubove the bottom 
of 1840, and in part 200 feet above the ledge. His letter says 
“rising is going on” “first by the lifting forces below,” “ sec- 
ond, by eruptive overflowings ; the former is more uniform and 
general, the latter, irregular and partial;” the former “in some 
places gradually, in others abruptly.” Lyman’s ridge of lava- 
blocks still existed little changed. 

The crater continued “ unusually dull” through 1854. The 
central plateau had been long out of reach of the fires, and 
ferns and Ohelo bushes were growing on it. 

3. Eruption of 1855.—In 1855 a change to unusual activity 
occurred.| The lavas underneath the dome commenced throw- 
ing up jets toa height of 200 feet; vents were opened over the 
surface of the old black ledge; and thus in May and June tie 
great central plateau had a girdle of fires nearly half a mile 
wide, in which Mr. Coan says he could count 60 lakes of “ leap- 
ing lavas.” There was one great lake at the foot of the north- 


* Coan, this Journal, IT, xiii, 397, 1852. 

+ Coan, ibid., xiv, 219, 1852, letter of March 5, 1852. 

t Coan, ibid., xv, 63, 1863, letter of July 31, 1852. 

$ Coan, ibid., xviii, 96, 1854, letter of Jan, 30, 1854. “The Island World of 
the Pacific,” by Rev. Henry T. Cheever (Svo, New York), appeared in 1851, 
with an account of a visit to Kilauea. But the descriptions give no information 
of value, and the two plates relating to Kilanea (at pp. 287 and 307) are from 
Wilkes with large modifications in one and no acknowledgments; and with no 
statements that the view of the crater is an 1840 view—not 1859. 

| Coan, this Journal, xxi, 100, 1856, letter of July 18, 1855, and p. 139, letter 
of Oct. 15, 1855. 
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east path down into the crater, and other “ boiling caldroas” 
not far distant, so that access to the pit was cut off. The crater 
seemed to be ready for another eruption. ° On October 9th, the 
crater was still active, but less intensely so; the dome over 
Halema’uma’u had fallen in. 

Mr. Coan’s report of March, 1856, mentions several visits to 
the summit-eruption then in progress, but nothing about Kilauea 
until October of that year, when he speaks of the crater* as de- 
clining in activity for the year past, since the summit eruption 
began ; ‘getting more and more profoundly asleep;” “only a 
little sluggish lava in the great pit of Halema’uma'u but much 
escaping vapor.” A subterranean discharge took place prob- 
ably in October, 1855. 

4, 1855 to 1864.—In June of 1857 Kilauea was still quiet.t+ 
The lavas of the Great Lake were but 500 feet across and 100 
feet below the edge. The alternations from the crusted to the 
completely molten state took about three minutes. 

Through the following year, as during the two preceding, 
there was little change. In August, 1858, the Great Lake, 
some 500 feet in diameter, “ boiled and sputtered lazily at the 
center of a deep basin which occupied the locality of the old 
dome.” The action alternated between general refrigeration 
and a breaking up of the whole surface with intense ebulli- 
tion.”t 

In 1862, the condition was but little different. Halema’uma’u 
had a lake at center “about 600 feet in diameter.” Within the 
basin, a fourth of a mile from the border of the lake at its 
center, there was a large mound of lava [a blow-hole product] 
with pinacles and turrets, somewhat cathedral like.§ In the 
summer of 1863,| activity had not much increased ; at intervals 
of a few seconds to half a minute, a large fountain broke forth 
at the middle of the lake throwing up a rounded crest of lava 
10 to 12 feet, and smaller portions to a height of 20 to 30 feet, 
while elsewhere there was a filmy crust through which small 
stones thrown in sank; and then again there was ebullition at 
various points in the lake: facts showing that the action was 
still far from brilliant. 

In October, 1863, Mr. Coan reported new activity in the 
Great Lake, and through the whole circumference of the crater, 
with outflows that covered the old black ledge with fresh lavas. 
But the central plateau, “a distinct table-land,” probably 500 
to 600 feet above the bottom of 1840, remained unchanged.4 

* Coan, this Journal, IT, xxiii, 435, 1857, letter of Oct. 22, 1856. 

+ Coan, ibid., xxv. 136, 1858, letter of Sept. 1, 1857. 

t Coan, ibid., xxvii, 411, 1859, letter of Feb. 3, 1859. 

§ Coan, ibid , xxxv, 296, 1863, letter of Nov. 13, 1862. 

| 0. H. Gulick, ibid., xxxvii, 416, 1864, letter of July 25, 1863. 

¥ Coan, ibid., xxxvii, 415, 1864, letter of Oct. 6, 1863. 
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5. 1864-1866. Observations and Map of Mr. Witutam. T. 
BricHam.—In 1864, Mr. Brigham visited Hawaii and began 
the observations on its volcanoes reported in his memoir. The 
accompanying copy (reduced) of the map made by him from 
kis survey in 1865, deserves special attention. The map con- 
firms the statements, made from 1846 onward, as to the obliter- 
ation of the lower pit. It shows the southwestern sulphur 
banks of much diminished extent since 1840, from lava over- 
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flows. Halema’uma’u has apparently its old position, or is 
very near it. There are also, on the map, other lakes of small 
size; cones, two or three of which were of blow-hole origin, 
and one, e, named the Cathedral, from its half a dozen turrets 
(figured on p. 423 of the memoir) is that mentioned in 1862 
by Mr. Coan (p. 88). 

The map shows also two long pieces (e/,7/,) of Lyman’s 
ridge of loose blocks of “ compact broken lava,” “ concentric” 


/ 
1865 
/ 
) 
H 
/ 
/ poe | Crack of 
a 
/ Ca ° + / 
4 
2 
Tae 


90 JD. Dana—History of the Changes in Kilauea. 


as Mr. Brigham reports, “with the main wall of Kilauea” 
“marking the limits of Dana’s black ledge” [that is the black 
ledge of 1840]; “composed of fragments of all sizes and 
shapes, very solid and heavy, and full of small grains of olivine.” 

A recent letter from Mr. Brigham informs the writer that the 
ridge 77 (which is not particularly mentioned in the report) had 
the same constitution as ef, but consisted of larger blocks. 

Other interesting features, indicated on the map are (1) a wall, 
a b,—fault-wall—enclosing an amphitheatre, that-of the Hale- 
ma’uma’u region, perhaps a result of a discharge at some unre- 
corded time of the lavas of the lake; (2) just north of this, a 
deep fissure c d, concentric with the wall a6; and (8) warm 
or hot steaming caverns in the floor of the crater, some of 
which were hung with gray-black, often tubular stalactites.”* 

The fext states that in 1864 the “black ledge” region was 
fifty feet below the level of the interior plain of the crater, and 
that the difference in level was the same in May, 1866, although 
both had been much raised, ‘at least a hundred feet,” the 
former by overflows and the latter without overflows.* 

Mr. Brigham does not allude to Mr. Lyman’s explanation of 
the long ridge of lava-blocks. He remarks as follows on p. 
421, after stating the constitution of the ridge, as already cited: 
* This wall, which is concentric with the main wal! of Kilauea, 
is said to rise and fall and sometimes disappear, which seems to 
be a fact, although no one has ever seen it in motion. It is 
the fragments broken from the edge of the crater by an eruption 
and floated out to its present position.” Again, p. 415, “ From 
a manuscript map prepared by Mr. Lyman, I find the ridge 
occupied the same position as at present.” Again, in his ac- 
count of the crater in May, 1866, p. 427: “The ledge of broken 
lgva which swept around the eastern end of the crater, marking 
the limits of Dana’s black ledge, is nearly covered with the 
successive overflows.” 

The Great Lake had a diameter of about 800 feet in 1864, 
and of 1000 in August, 1865. Its lavas in 1864 were 50 feet 
below the edge, and extended into caverns beneath it. The 
action was mostly feeble, “occasionally a crack opened and 
violent ebullition commenced at several points; again it was 
liquid, but soon passed to the viscid condition ; again “ boil- 
ing violently and dashing against the sides, throwing the red- 
hot spray high over the banks.” There were two small islands 
in the lake in 1864; but in August, 1865, they had disappeared, 
and the lavas were then only 30 feet below the edge. 


*The composition of the material of the stalactites, as given in the text, p. 463, 
from an analysis by Mr. John C. Jacksen, is: Silica 51-9, alumina 13°4, iron sesqui- 
oxide 15°5, MnO 0°8, lime 96, magnesia 4°8, soda 3:0, potash 1:1==100. Specific 
gravity 2‘9. The temperature of the caves was usually 80°-95° F. 
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The existence of flames over the large boiling lake is attested 
to by Mr. Brigham, who says (p. 423) speaking of a midnight 
view, that ‘they burst from the surface, and were in tongues 
or wide sheets a foot long and of a bluish green color, quite 
distinct from the lava even where white hot. They played 
over the whole surface at intervals, and I thought they were 
more frequent after one of the periodical risings of the 
surface.” 

In 1866,* there was a great increase of activity in Kilauea 
in May, June and July, beginning just after the cessation of 
the summit eruption. In May, new lakes of fire and cones 
were opened along a curving line extending from the Great 
Lake northwest to north and northeast, thus again covering the 
“black ledge” portion of the crater, flooding the surface with 
lavas for a distance of four miles, and with a breadth in some 
places of half a mile; and for days the flood of lavas closed 
the usual place of entrance to the crater. Large blocks were 
shaken down from the walls of Kilauea; and Mr. Brigham 
observes that these blocks were soon removed by the intensely 
active flood at their base, “showing how pit craters may be en- 
larged horizontally.” In August the force of the eruption 
seemed to be spent—but no subterranean outflow is known to 
have occurred. During all the activity the central plateau of 
the crater remained undisturbed. 

6. Eruption of 1868.—In 1868 a great outbreak and down- 
plunge took place in Kilauea, almost simultaneously with an 
erruption from the summit-crater of Mount Loa.t It was re 
ceded by a succession of heavy earthquakes—two thousand or 
more according to reports—commencing on the 27th of March 
and culminating on Thursday, the 2nd of April, when a shock 
occurred of terrific violence, which was destructive through 
the districts of Hilo, Puna and Kau, northeast, east, south and 
southwest of Mt. Loa, and was felt far west of the limits of 
Hawaii. With the occurrence of this great shock, fissures were 
opened from the south end of Kilauea southwestward through 
Kapapala, a distance of thirteen miles, and bending thence south- 
ward toward the coast. The position of this line of fissures is 
shown on the large map of Hawaii published by the Govern- 
ment Survey in 1887; it followed the course of earlier fissures. 
Some lavas were ejected from the openings in Kapapala, which 
were probably lavas from Kilauea. Simultaneously with the 

* Coan, this Journal, II, xliii, 264, 1867; Brigham’s Memoir, p. 427. 

+ Dr. Wm. Hillebrand, this Journal, II, xlvi, p. 115, 1868; Coan, ibid., 106; 
F. S. Lyman, ibid., p. 109; H. M. Whitney, ibid., p. 112: Coan, ibid., xlvii, 89, 
1869, letter of Sept. 1, 1868, with a map of southern Hawaii on p. 90. Also the 
same letters in a paper by Mr. Wm. T. Brigham, in the Memoirs Bost. Soc. N. 
Hist., i, 564, with a map on p. 572. The map was made by Mr. Brigham from 
his survey in 1865 and the descriptions of the 1868 eruption. 
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violent shock, a decline began in the fires of Kilauea. By 
night of that same Thursday, the liquid lavas had disappeared 
from all cones and were confined to the lakes; by Saturday 
night, all the lakes were emptied except the Great Lake; 
finally, by Sunday night, the 5th, the Great Lake had lost its 
lavas, and all was darkness and quiet. A down-plunge of the 
central plateau of the crater took place at the same time, so that 
again a lower pit existed, as in 1840. Mr. Coan, in describing 
it, says that the plateau “sagged down ” 300 feet ; and another 
writer, after a visit to the pit, gives the same depth and re- 
marks “just as ice falis when the water is drawn from be- 
neath.” The great sunken area had not vertical walls, like 
that of 1840, but sloping sides as the term “sagged” implies ; 
the slope, generally 30 to 60 feet, but at a much less angle on 
the side toward Halema’uma’u. There was again a black 
ledge, and it was nearly of its old width, but at a somewhat 
higher level owing to the overflows. The emptied Great Lake, 
8000 feet in diameter at the top, 1500 feet below, and 500 feet 
deep, was literally empty ; it showed no light at bottom by day 
and not much at night. The discharge of lava may have been 
as great as in 1840, although the lower pit made by the under- 
mining had less extent. 

Another remarkable fact is stated that just before the earth- 
quake of the 2nd of April, “the lavas of Kilauea burst up ver- 
tically in Little Kilauea (Kilauea Iki), and spread over the old 
deposit of 1832.” 

On Tuesday, April 7th, five days after the beginning of the 
Kilauea discharge, the lavas were ejected in great volume at 
Kahuku in southwestern Hawaii, and flowed to the sea. It 
was at first a question whether a part of the Kahuku flow 
might not have come from Kilauea. But the extinction of the 
summit fires occurred at the same time, and the Kahuku dis- 
charge was in a line with fissures leading toward it from the sum- 
mit, so that Mokuaweoweo is believed to bave been their only 
source. The conduit of the Kilauea lavas, was probably rup- 
tured at the time of the great shock, and hence the disvharge. 

The curving of the Kilauea fissures from Kapapala toward the 
coast seems to point to a submarine discharge off that part of 
the island. 

3. KILAUEA FROM 1868 To 1886. 


This period of eighteen years passed without another down- 
plunge of the floor of the pit. The gradual filling of the new- 
made lower pit, and the ultimate merging of all slopes at the 
crater’s bottom into those leading off in all directions from 
Halema’uma’u, are the chief events of the period. Mr. Lyd- 
gate’s map on page 94, shows an intermediate stage in the 
progress. 


4 

if 

i 

i 


J. D. Dana—History of the Changes in Kilauea. 93 


1. Changes from 1868 to 1879.—After the discharge and 
consequent exhaustion of 1868, Kilauea was slow in its return 
to activity. In July of 1869, Mr. Coan found the crater quiet, 
and the basin of the Great Lake so nearly cooled that he went 
down into it, measured across its bottom 400 feet below the 
rim, finding it “ five-sixths of a mile” wide, and at top more 
than a mile from the north to the south side. Down fissures 
over the emptied basin he could see the lavas, 50 to 100 feet 
below, still in ebullition.* Two years latert the Great Lake 
was full, and successive overflowings had covered deeply the 
southern end of the crater and sent streams two miles north- 
ward, filling the central pit to a depth of fifty feet. In August 
of 1871, Halema’uma’u was again a deep cavity, hot and 
full of dense vapors;{ but before August of 1872, it was full 
with lavas and often overflowing into the great basin of 1868. 

On March 3, 1873, Halema’uma’u, according to Mr. Nord- 
hoff,§ was divided between two lakes, their shorter diame- 
ter about 500 feet; “the two were separated by a low- 
lying ledge or peninsula of lava; each was red, molten, fiery ” 
within. From the “north bank” the depth of the pit or basin 
to the lavas was seen to be about 80 feet, and “the two 
large lakes appeared to be each nearly circular.” 

In January, 1874, says another observer, the lower pit was 
still much below the ledge. The surface of the Great Lake was 
85 to 40 feet below the edge of the basin, and “ possibly ” 500 
feet, by nearly half a mile in its diameters, but divided almost 
in two by a low bank of rock. Four months later, on the 4th 
of June, the cone about the Great Lake had risen much, and 
the lake was divided through into two oblong lakes, a north 
and south, in the direction of the longer diameter; it lay below 
precipitous and partly overhanging walls 80 feet high.* The 
action was less intense than in January. There were active 
cones near by; 100 yards from the lake, one typical blowing 
cone “of beehive shape,” 12 feet high, about 40 feet deep 
within, and having walls two feet thick, which was throwing 
up jets and clots of lava through holes in its sides, “with a 
deafening or rather stunning roar” and subterranean rumblings 
and detonations.| 

The following is a reduced copy of a map by Mr. J. M. Lyd- 
gate, made probably in June of 1874.4 It has great interest, 

* Coan, this Journal, ITI, ii, 454, letter of Aug. 30, 1871, and xviii, 227, 1879. 

+ Coan, ibid., ii, 454, 1871. 

t Coan, ibid., iv, 407, 1872. Letter of Aug. 27, 1872. 

§ Northern California, Oregon and the Sandwich Ids. London, 1874. 

Isabella L. Bird, the Hawaiian Archipelago, London, 1875, pp. 55, 253. 

4] For this tracing I am indebted to the Surveyor General, Mr. Alexander, 
the original being in ths archives of the office of the Hawaiian Survey. It is 


stated on it that the map was made either in 1874 or 1875, and probably in 
June, 1874. 
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since it shows the central depression or pit of 1868 still well 
defined, and also the subdivision of Halema’u’ma’u, above 
alluded to. 

Mr. Coan states, early in October of 1874, that “ the great cen- 
tral depression of 1868 has been filled up by deposits about 200 
feet,” and that the region around the Great South Lake was a 
truncated elevation nearly as high as the southern brim of the 
crater.* 


KILAUEA 
J..M. LYDGATE 


T1874 or 1875 


True N 


2. Eruption of 1879.—In 1879 (April?) Kilauea was again in 
eruption ;+ for the Great Lake, which had been running over, 
and whose rim had been raised till nearly as high as the 
outer edge of Kilauea, was suddenty emptied by a subterra- 
nean outlet and subsided several hundred feet, leaving nothing 
but a smoking basin. 


* Coan, this Journal, III, viii, 1874, letter of Oct. 6, 1874. 
+ Coan, ibid., xviii, 227, 1879, letter of June 20, 1879. 
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After some days, in which there was no evidence of fires ex- 
cept that from escaping vapors and steam, the lava reappeared ; 
and before May, 1880,* Halema’uma’u had again become a 
boiling and overflowing lake, pouring its streams into the great 
central basin of the crater. 

In July of 1880, Mr.Wm. T. Brigham was again at the crater.+ 
By barometric observations he made the depth to the northeast 
margin of the floor of the crater at the foot of the place of 
descent 650 feet below the level of the Voleano House; and 
the higher central portion of the floor, which was dome-shaped, 
was found to be 350 feet above the northeast margin, making 
the flat dome 350 feet high. 

The “tolerably regular dome” was “surmounted by four 
lakes of an average diameter of a thousand feet.” The 
latest of the four, the southeastern, commenced to form 
May 15th of that year, and its bank was in part nearly 
on a level with the lavas; but the others had stratified 
walls, as is stated and figured, which were in places 100 
feet or more in height, and from their front there were 
frequent avalanches owing to the undermining action of 
the active lavas beneath. These lavas were seen here and 
there to be white-hbot in the night view. In the darkness, “a 
large volume of gas” was observed escaping from a cluster of 
blow-holes in the vicinity of the lakes, “ which burned with a 
bluish green flame,” differing in its continuance from the flames 
seen before by Mr. Brigham, which “ seldom lasted longer than 
a few moments.” 

The four lakes replaced old Halema’uma’u. By sighting 
from two of his monuments left from the 1865 survey, Mr. 
Brigham obtained evidence that the area of the old lake lay 
“in the midst of the present four lakes ” instead of correspond- 
ing with either of them. This would make the summit, of the 
dome to be in the Halema’uma’u part of the crater, or its south- 
ern portion, as in 1886, the dome having in fact “‘a very eccen- 
tric apex.” 

In 1882, Captain Dutton made his examination of Kilauea. 
He states that after reaching the floor of the crater, he walked 
over the uneven surface for about a mile and three-quarters, 
and then came to a rapidly ascending slope, rising about 100 
feet; and from the top of it looked down on “ New Lake,” 
about 480 feet long and 300 feet in width, lying between walls 
15 to 20 feet high, situated to the northwest of Halema’uma’u. 
This lake first appeared, he states, in May, 1881.t 


* Coan, this Jonrnal, III, xx, 72, 1880; letter dated May 3-6, 1880. 

+ This volume, p. 19, 1887. 

¢ This Journal, III, xxv, 220, 1883, letterof Feb. 8, 1883; and U. S. Geol. 
Report, loc. cit. 
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New Lake was much of the time crusted over, showing fires 
only at the edges; break-ups, making cracks over the whole 
surface, and followed by an engulfing of the numberless frag- 
ments until “ the whole was one glowing mass of lava,” occurred 
at intervals of forty minutes to two and a quarter hours; but 
they were of short duration, and the lavas in the mean time 
were “quite black and still.” Now and then a fountain broke 
out in the middle of the lake and boiled feebly for a few min- 
utes; then it became quiet, ‘‘ but only to renew the operation at 
some other point.” ‘The larger and more active lake, Hale- 
ma’uma’u, half a mile off, was surrounded by a cone of loose 
lava fragments, the lavas a hundred feet below the top. The 
lake was to a considerable extent crusted over; but there were 
boiling fountains of liquid lava five to ten feet high (by esti- 
mate) in play, changing their positions from one part of the lake 
to another ; one dying out as another started up. Two masses of 
solid lava were seen in the New Lake, looking as if formed in 
it, which in the course of several days shifted their positions, 
showing that they were floating islands. 

8. Eruption of 1886.—T hese conditions continued, though with 
great variations, until March of 1886. On the 6th of that 
month, both Halema’uma’u and the ‘‘ New Lake,” (See Plates I 
and II, last volume), the latter five years old, were unusually 
full and active, and mingled their floods in overflows. The 
next morning, between 2 and 8 o'clock, the lavas disappeared and 
left both basins empty—first, the shallower New Lake, and then 
the Great Lake. The cone around the latter, then 200 feet in 
height above the boiling surface, fel] into the emptied basin, 
and for days the down-plunge of the walls continued. The 
emptied basin, according to the measurements reported by Mr. 
Emerson, was about 2,500 feet in mean diameter, 560 feet in 
depth at center, and 200 feet in the depth of the precipitous 
sides except on the south. Mr. Emerson’s map, Plate I of the 
preceding volume, represents the basin in its condition of exhaus:- 
tion, and New Lake with its stranded floating island, stand- 
ing 60 feet above its base. The map further shows, and also 
Plate II, by Mr. Dodge, that the great central basin of Kilauea, 
the lower pit of 1868, had been wholly obliterated, and all 
signs of the old black ledge. The !avas in the later years had 
swept over the whole surface, and placed Halema’uma’u at the 
head of all the slopes of the bottom, both the northern and 
the southern. The area around this lake-basin was left, as 
the map of Mr. Emerson shows, 350 feet ‘below the level of the 
Volcano House, the center of Kilauea 356 to 400 feet below, 
and the bottom near the place of descent 450 to 485 feet. Mr. 
Emerson remarks, moreover (and the map indicates the same), 
that, with only a little more rise, the lavas of Halema’uma’u 
would discharge over the top of the southwest wall of Kilauea. 
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In July, four and a half months after the discharge, as Mr. 
Van Slyke reports, the emptied basin of Halema’uma’u contained 
within “a rising cone of loose rocks.” The cone surrounded 
the central part of the basin, and consequently a great and deep 
trough-like depression several hundred feet wide separated it 
from the walls; it had a height in most parts of “ perhaps 150 
feet,” and small cones and basins of lava existed at points in 
the trough around it. 

Mr. Dodge’s map and article (p. 99 of the preceding volume) 
represents the rising cone as 930 and 1,100 feet in its diameters, 
and as having some points in its summit as high as the edge of 
the basin—its condition in November, eight months after the 
eruption. Still later, in January,* he represents the cone of 
fallen blocks and lava debris as “ perhaps 200 feet’’ above the 
height in October, and speaks of the rising as going on “slowly, 
as though floating on the surface of the new lava-lake.” 


A “review of the phenomena, with conclusions” will com- 
plete this account of the changes in Kilauea since 1823; and, 
in the mean time, I hope to see the crater, in order better to 
understand its present and past condition.. 


[To be continued.] 


Art. XIL—On some phenomena of Binocular Vision; by 
JOSEPH LECONTE. 


No. XII.—Some peculiarities of the phantom images formed by 
binocular combination of regular figures.t 


[Read before the National Academy of Sciences at Washington, April 22, 1887.] 


THE law of corresponding points is justly regarded as the 
most fundamental law of binocular vision. Properly under- 
stood it explains every phenomenon; and no field of investiga- 
tion can be more fascinating than to trace, on the one hand, 
deductively the logical consequences of this law in resulting 
phenomena, and on the other, inductively the phenomena back 
to this law as their sufficient cause. The phenomena now 
about to be described, and to be explained by this law, have 
some of them not been heretofore described and none of them 
satisfactorily explained. 

It is well known that the figures of a regularly figured plane, 
such as a tessellated floor or a papered wall of regular pattern, 
may be combined by crossing the eyes, or (if the figures be not 


* This Journal, xxxiii, 240, letter to the writer, dated Jan. 27, 1887. 
+ For other papers on the same general subject see this Jour. 1868-1880. 
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too large, i.e. not farther apart or much farther apart than the 
two eyes) by looking beyond the plane of the figures as in the 
stereoscupe, so as to make phantom-images, which may seem 
to the observer as distinct as the object itself. The combina- 
tion by crossing is by far the easier, and it is this method there- 
fore which we shall use in all the following experiments. As 
in this case the phantom image is always at the point of sight, 
i. e., where the optic axes meet, it is evident that by combining 
first contiguous figures, and then by stronger convergence 
those more and more distant from each other, the phantom- 
plane is brought nearer and nearer to the eyes, until by ex- 
treme convergence it may be brought within a fraction of an 
inch of the root of the nose. A tessellated pavement or oil- 
cloth may be thus brought np as phantoms successively through 
many different planes (the number depending upon the size of 
the figures) almost to contact with the face. Then by relaxing 
the converging muscles, the phantom-image may be let fall and 
caught on successively lower planes until finally it is dropped to 
its natural place and becomes real. Of course since the angu- 
lar diameter of the figures remain the same, the apparent size 
becomes smaller as the phantom-image comes nearer. The 
phantom may thus become the most exquisite miniature imagin- 
able. If on the other hand we combine by looking beyond the 
plane of the object as in the stereoscope, the phantom-figures are 
proportionally enlarged. The phantom is usually represented 
asaplane. Such it would be by geometric construction, but 
such it is not in reality as we shall presently show. 

The foregoing experiments are to me as easy as natural 
vision, and the resulting phantom as distinct as a natural object. 
Most persons, however, will find some difficulty in making the 

hantom clear; because the eyes are accommodated to nearer 

istance, viz: the point of sight, while the light comes from a 
greater distance, viz: from the real object. In such cases the 
use of slightly concave spectacles will remedy the difficulty. 

I recall these well-known facts to mind only that what fol- 
lows may be readily understood. 

Experiment 1.—I sit in a chair in the middle of a regularly 
tessellated floor and direct the eyes on the floor at an angle of 
about 45°. By ocular convergence I now combine successively 
the figures of the floor, stopping a little while after each com- 
bination until the phantom-image becomes perfectly clear. 
These phantom-floors are distinctly perceived to be not horizon- 
tal as they ought to be by geometric construction, but inclined ; 
dipping away from the observer at higher and higher angle in 
proportion as, by greater convergence, the phantom-floor comes 
nearer and nearer. Iam sure I can easily make the apparent 
slope 30°—40°. 
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In addition to the slope of the phantom-plane, another phe- 
nomenon is plainly perceived; the figures change their shape, 
being all elongated in the direction of the slope, the degree of 
elongation being also proportioned to the angle of the slope and 
therefore to the degree of ocular convergence. If for example, 
the figures are regular squares looked at from the direction of 
the diagonals, then they become greatly elongated rhombs. 

Explanation.—Principles. Ifa slender rod a bc be held ina 
horizontal position in the median plane but a little below the 
horizontal plane passing through the two eyes, so that the eyes 
shall look down upon it at small angle, the perspective projec- 
tion of the rod as seen by the two je 
eyes will be according as we look y 
farther end or the nearer end 
or the middle point. In accord-¢/ \é IA al \d 
ance with the mode of representation used in all my previous 
papers, capitals indicate objects or points seen single by binocular 
combination at the point of sight, small letters show right-eye- 
images and the same primed left-eye-images. In all cases, it is 
seen, the right and left-eye-images meet each other at the point 
of sight making small angles. 

If, now, the rod instead of being held horizontally, be in- 
clined by lifting the nearer end toward the plane of vision,* the 
angle of meeting or crossing of the two images becomes greater 
but the vertical length of the projection . é 
less, thus: until, when the rod isin the _/“, “\ /* Ve, 
plane of sight, the angle between the two JI, ald 
images becomes 180° and the subtended A. 
vertical line of projection becomes 0°. In other words the pro- 
jection becomes a continuous horizontal straight line. Of 
course, to the binocular observer it does not seem like a_hori- 
zontal straight line, because he introduces the element of depth 
of space by binocular perspective. To him it will look like a 
v or an x looked at end on. 

Application of principles.—The figures of a regularly tessella- 
ted plane must of course lie in parallel lines. We will suppose 
these parallels to run from the observer. By geometric or 
monocular perspective such 
lines on a_ horizontal floor 


1. 
converge to vanishing point 

on the horizon. Fig. 1 repre- 

sents a projection of such 

parallels, This is as seen 

with one eye. As seen with /” [b 
two eyes there are, of course, | 
two images of all these lines 


* The plane passing through the optic centers and the point of sight or through 
the two visual lines. 
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crossing each other at small angles as shown above. Let us fix 
our thoughts on the middle one only. In natural vision, the 
two images of this line a will cross one another at small angle 
at the point of sight as already explained. But in making the 
phantom-images the lines 06 or ce or dd or ee, etc., are brought 
together in the middle and viewed as the middle line. But it is 
evident that the angle of perspective convergence and therefore 
the angle of crossing one another where they come together is 
greater and greater as they are brought from greater distances 
right and left. In other words: the perspective angle ts added to 
the binocular angle and all credited to the binocular angle because 
viewed as a middle line which ought to have no perspective 
angle. But we have already seen that crossing of binocular 
images at greater angles means a nearer approach to the plane 
of sight—a looking more “end on.” In other words, it means 
in this case a lifting of the hither end of the plane. As more 
and more separated, figures bb, cc, dd, ee, etc., are successively 
brought forward and united in front, the angle of crossing of 
the lines and therefore the inclination of the phantom-plane be- 
comes greater, until if we could bring together from infinite 
distance, the phantom plane would coincide with the plane of 
sight, i. e., would slope at an angle of 45°. 

So much for the explanation of the inclination of the plane; 
now for that of the elongation of the figures. 

As already seen, the projection—or what amounts to the 
same thing the retinal image--of a horizontal line in the median 
plane is shortened, or the vertical angle subtended at the eye 
is lessened in proportion as the line is brought nearer to the 
plane of sight by lifting the nearer end. ‘Therefore, in order to 
subtend the same angle under these conditions it would require 
a longer line. Now in the phantom-image the subtending angle 
remains constant. Therefore in proportion as the phantom 
plane is apparently lifted toward the plane of sight, the plane 
and all its figures must appear to elongate in the direction of 
the slope. The elongation is greater in proportion as the phan- 
tom plane approaches the plane of sight and therefore without 
limit except the power of the eyes to combine more and more 
distant points right and left. 

Experiment 2. In the case of the floor, the body of the obser- 
ver prevents the viewing of the phantom in the other direction, 
i. e., by looking obliquely backward, unless indeed the observer 
could place himsef horizontally above the floor face downward. 
We therefore take next a vertical wall, such as a regularly 
figured wall papering of small pattern or a coarse wire-netting. 
The windows of the basement of one of the university build- 
ings are protected by a coarse wire netting with lozenge-shaped 
meshes about 24 inches in their shorter or horizontal diameter. 


I 


J. LeConte—Phenomena of Binocular Vision. 101 


Standing before this and combining by extreme convergence, 
on looking obliquely upward the phantom plane slopes away 
from the observer; on looking obliquely downward it slopes 
away downward. So that sweeping the point of sight upward 
and downward alternately, the phantom plane dips away fore 
and aft from a transverse anticline forming a kind of arch. The 
explanation of this is of course the same as that already given 
for the floor. 

It is important to state that this slope was seen only in looking 
obliquely upward or downward, and not at all in looking stead- 
ily at right angles to the plane. I said at right angles. In real- 
ity the neutral point is not exactly on a level with the eyes, 
but about 7° above. This is the result of the rotation of the 
eyes on the optic axes in convergence, as shown in one of my 
previous papers, and is a beautiful demonstration of such rota- 
tion. 

Experiment 3.—We have thus far experimented only by look- 
ing obliquely upward or downward on the plane. If now we 
look directly at right angles (or in reality a trifle above the 
perpendicular) on the plane, whether floor, or vertical wall, or 
wire-screen, then, on extreme convergence, the phantom plane 
is seen to slope away on each side, so as to form a transverse 
arch. On sweeping the eyes upward and downward, the fore- 
and-aft sloping combined with the side ways sloping, gives the 
appearance of a mound sloping in all directions. But if the 
eyes are steady, only the transverse arching is seen. In fact, 
‘under these conditions I seem to see a fore and aft concavity, 
which, combined with the transverse arching, gives a saddle- 
shape surface. 

EKaplanation.—Principles. All the phenomena of binocular 
vision, as already said, may be, and in last resort can only be, 
explained by the law of corresponding points. In the explana- 
tion of the phenomena described under experiments 1 and 2, it 
was only necessary to trace the cause back to the behavior of 
the double images of a rod viewed binocularly in various posi- 
tions; but this behavior is itself explained only by the law of 
corresponding points. But the phenomena of the last experi- 
ment can best, perhaps only, be explained by direct reference to 
that law. It is necessary, however, to have a clear conception 
of the law in order to understand the explanation. 

Corresponding points are points in the two retinz exactly 
similarly situated, i. e. taking the central spot as pole, having 
the same latitude and longitude. Or to express it differently, if 
the two retinze were laid one on the other so as to coincide in 
the manner of geometric figures, then the coincident points are 
corresponding points. Or again, the distance between all corres- 
ponding points is the same. If therefore we open a pair of di- 
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viders so that the points are exactly separated by that distance 
and then holding it level touch the two retinae any where, the 
points touched will be corresponding points. This distance is 
called the interocular base. It varies in different eyes; in my 
own it is exactly 62™. It is probable that the two retinz thus 
correspond rod for rod and cone for cone. The central spots are 
par excellenee corresponding points. 

Now the law asserts that impressions on corresponding points 
are referred outward to the same point in space and therefore 
seen single, while impressions on non-corresponding points are 
referred outward to different points in space and therefore seen 
double. Furthermore—and this is the important point in the 
subsequent explanation—if the non-corresponding points im- 
pressed be farther apart than the distance between correspond- 
Ing points or than the interocular base, then the double images 
are heteronymous, i. e. the left image belongs to the right eye 
and the right image to the left eye; but if the impressed points 
are nearer together than corresponding points, then the double 
images are homonymous, i. e. are on the same side as the eye 
to which they respectively belong. Now, in the former case, 
i. e. when the impressed points are too far apart, the impress- 
ing object is nearer than the point of sight; while in the latter 
case, 1. e. when the impressed points are too near together, the 
impressing object is further off than the point of sight. 

Application.— We are now prepared to explain the last exper- 
iment. In fig. 2, PP isa section of a tessellated plane, and 
a, b, c, represents the position of the regular figures; OO the 
optic centres or nodal points of the two eyes and RR portions 
of the two retine. The eyes are supposed to be fixed steadily 


on 6b, which therefore impress corresponding points, viz.: the 
central spots 6) and consequently are seen combined as one at 
the point of sight B. At the same time aa and cc also are 
supposed to combine and by geometrical construction would be 
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seen at A and C, and the phantom plane would be P’ P’. Such 
it would be by geometric construction and thus it is always 
represented. Such would indeed be the case of the retinz 
were a plane parallel with PP. But the retinz are spherical 
concaves, and for this reason when 66 fall on corresponding 
points, viz: the central spots bb, aa and cc do not fall on ex- 


actly corresponding points; for it is evident on inspection 
that the retinal points aa and ce are nearer together than bb. 


Therefore they form homonymously double images and are 
therefore referred to, and combined at, a point farther away than 
B. Therefore the phantom surface must appear curved from 
side to side, as shown in the dotted line. 

Prof. LeConte Stevens, in an article published in 1882,* ex- 
plains this phenomenon of transverse curvature of the phan- 
tom image by “changes in muscular tension,” or as I would 
say, changes in axial adjustment. But (1) no such changes 
are necessary to perceive the phenomenon. The curvature is 
best seen with the point of sight fixed and is doubtless due to 
the slight (perhaps not consciously perceptible) homonymous 
doubling of the images of points right and left of the point of 
sight. And (2) in any case the fundamental explanation is 
found only in the law of corresponding points; for this law 
alone explains the necessity of the changes in axial adjustment, 
which are necessary to combine the double images. The true 
explanation is indeed involved in Prof. Stevens’s figure (3) and 
especially in his statement that it is the result of the concavity 
of the retina; but he apparently does not see its necessary con- 
nection with the law of corresponding points, and even seems 
to doubt the validity of that law.t 

Experiment 4.—Prof. Stevenst has devised a beautiful and 
ingenious method of bringing out strongly the transverse cur- 
vature of phantom images. But the curvature brought out by 
his method has largely a different cause from that already 
described, as we now proceed to show. 

We have seen that the curvature in the preceding experi- 
ments is due to the extreme, but varying, obliquity of the parts 
combined. Now it is evident that this obliquity may be more 
easily gotten and the combination effected without extreme and 
straining convergence, by simply bending the plane at the 
middle line and inclining the two halves in opposite directions. 
This method has the additional advantage of allowing inclina- 
tions backward or forward and thus producing reverse effects ; 
and also of allowing combination of the oblique surfaces 
beyond the plane of the object, either by naked eyes or by 


* This Journal, vol. xxiii, p. 297 and seq. + Ibid., pp. 300 and 301. 
t Ibid., p. 298. 
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the stereoscope, and thus also producing reverse effects. But 
it has also the great, the fatal disadvantage for our purposes, 
that the phenomena of curvature, as already explained, are 
complicated by a curvature developed even by geometric con- 
struction. 

For example, figs. 3 and 4, represent cards with regular fig- 
ures bent in the middle, backward in fig. 3 and forward in fig. 
4. The reason of the stronger curvature is obvious on inspec- 


tion of the figures. By geometric construction the phantom in 
fig. 3 is already convexly curved and by the law of correspond- 
ing points, as already explained, would be still more curved, as 
shown in the dotted line. Similarly in fig. 4 by geometric 
construction the phantom would be concave, and by the law of 
corresponding points still more concave, as shown in the dotted 
line. In this latter case inspection of the figure shows that 
with the point of sight at c, points right and left as a, J, d, e, 
of phantom, would fall on non-corresponding points of the two 
retine aa, bb, dd, ee farther apart than ce, and therefore the 


impressing object will seem nearer than the point of sight and 
nearer also than geometric construction would make it. This 
would increase the apparentcurve. In other words, even with 
flat retinze the phantom surface would in both cases be curved, 
but the curve of the retinge in both cases exaggerates the curva- 
ture of the phantom. 

It is needless to say, that in combination beyond the plane 
of the cards, whether by naked eyes or by stereoscope, the phe- 
nomena would be exactly the same, only reversed, i. e. in 
fig. 3, it would be concave and fig. 4 convex. 

Another phenomenon I have observed in these last experi- 
ments of cross combination. In fig. 3 the phantom is not only 
convex from side to side, but concave fore and aft, i. e. it is 
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distinctly saddle-shaped. It will be also remembered that the 
same fore and aft curvature was observed in experiment 3. In 
fig. 4, the phantom is not only concave from side to side, but 
convex fore and aft. The explanation of this fore and aft 
curvature I am not yet able to give. 

The concavity and convexity of concentric circles, drawn on 
two planes inclined toward, or away from each other and 
viewed by binocular combination—one of the most beautiful 
phenomena brought out by Prof. Stevens—must be explained, 
partly at least in a different way. This has been done very 
perfectly by him. We only mention it to avoid confusion. 
Figures of other forms do not appear curved in two directions 
alike, as concentric circles do, but on the contrary, often as 
already said, in opposite directions. 


Some general remarks suggested by the above. 


(1.) I believe, indeed am quite sure, that the phenomenon of 
transverse curvature of the phantom surfaces described above 
is a necessary result of the “ horopleric circle of Miiller;” for this 
circle is the necessary consequence of the concavity of the 
retina together with the law of corresponding points. 

Supposing, for the moment, that the eyes in convergence 
nroved on vertical axes, i. e., without rotation on the optic axis,* 
then it may be shown that with the point of sight fixed, other 
objects right and left of that point, in order that their retinal 
images should fall on corresponding points, must lie, not in a 
plane, but in a circle passing through the point of sight and the 
nodal points. This is called the horopteric circle of Miiller. 
The images of objects or points on a plane passing through the 
point of sight would not fall on corresponding points but on 
points nearer together than such points, and therefore a plane 
surface ought to appear convex, like the surface of a cylinder 
with reverse curvature equal to that of the horopteric circle. 
We do not ordinarily observe this because in planes at the usual 
distance the curvature is too small to be detected near the point 
of sight, and at a distance from that point, right or left, vision 
is too indistinct for accurate observation. The form of any 
surface is practically always gotten by sweeping the point of 
sight over the surface and gathering up the result in memory, 
the distance of that point being always truly estimated. But 
in the case of phantom images in proportion as the point of 
sight comes nearer, the curvature (by definition of horopteric 
circle) becomes greater until it becomes quite distinct. 

Now if a plane is seen as a horopteric curve reversed, it is 
evident that a horopteric curve ought to be seen as a plane, and 


' *This is not exactly true, especially in strong convergence. This Jour., vol 
xlvii, p. 153, 1869. 
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this would be most distinct, in fact would be perceivable only 
in the case of phantom images. If, therefore, we had a circular 
room with regular tessellated wall, and leaning with back 
against one side we combined the figures by extreme conver- 
gence, I suppose the phantom image would appear plane. It 
would be interesting to verify this prevision by experiment. 

(2.) I have said that all the phenomena of binocular vision 
are explained by the law of corresponding points. In my 
previous papers* I have contended that the perception of 
binocular perspective of different objects,.one beyond the other, 
and of binocular relief of ‘the same object, is due not only to the 
perception of double images, but of these as homonymous 
and heteronymous, the one as belonging to objects or points 
beyond, the other to those nearer than, the point of sight. It 
has been objected to this view, that in many cases we dis- 
tinctly perceive relief without being able to detect double 
images of any kind either homonymous or heteronymous. 
This objection, it seems to me, shows a misconception. It is 
well known that most persons are at first wholly unconscious of 
double images, even though they constantly base their visual 
judgments on them. Then, when their attention is called to 
them, they learn to perceive them consciously if they are very 
distinct and far apart. Then, in proportion to careful atten- 
tion, those persons most practiced in binocular experiments see 
them in cases where they are less and less separated. But in 
all persons, even the most practiced, there is still a residuum, 
decreasing with practice, of unperceived or unconsciously per- 
ceived double images, upon which judgments of relative dis- 
tance are based. But is it not rational to place these residual 
cases also in, the same category with those we have already 
learned to distinguish; and to say that subtle unconscious per- 
ceptions of double images is the mode by which we judge of re- 
lief in these cases also? Or we may leave out of view the 
question of double external images and refer only to the law 
of corresponding points. I would then give the theory of 
binocular relief as follows: Impressions on corresponding 
points are referred to objects at the point of sight or at that 
distance ; but impressions on non-corresponding points—even 
though it be but the next contiguous rod right or left—are re- 
ferred to distances greater or less than the point of sight ; if the 
impressed points are farther apart than corresponding points the 
impression is referred to distances nearer, if the impressed points 
are nearer together than corresponding points to distances 
farther than the point of sight. This is an inherited capacity 
which may be partly or even largely, but not wholly, analyzed 
into its effects as double images. 


* This Jour., IIT, vol. ii, p. 1, 1871, and same vol. ii, p. 417. 
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This capacity is not unique, except in its extreme refinement. 
The same is true of all bodily actions and sense-perceptions. 
For example, the complex and delicate play of muscular action 
in maintaining equilibrium in standing, the subtle causes or 
signs of facial expression, often elude our utmost power of 
analysis. Under the same head also comes the so-called muscle- 
reading, only that this is possible in but few while /ace-reading 
is practiced by all. In all such cases we are guided or judge by 
subtle signs which escape conscious detection; but we would 
be wrong to conclude on that account that the signs are not 
physical. 

(3.) Geometric construction in the manner of Brewster is use- 
ful or even indispensable in representing binocular visual 
phenomena, because it is simple and easily understood. But 
as soon as we study carefully we find that this method does not 
give truly the place of double images. (1) In the representa- 
tion of binocular perspective of objects or points one beyond 
the other it utterly fails, because when it tries to represent the 
double images it does not represent the relative distance ; and 
when it tries to represent the relative distances it does not re- 
present the doubling of the images. It was to remedy this 
defect that I proposed and put in practice a “new method of 
diagrammatic representation.”* This new method represents 
truly all the phenomena of binocular perspective of objects 
lying one beyond another in the line of sight, but cannot repre- 
sent objects or points on a phantom plane. (2) In the phantom 
image of a tessellated plane, a case for which it seems eminently 
adapted, the ordinary geometric construction, as we have seen, 
cannot truly represent the form of the surface on account of the 
concavity of the retina. The law of corresponding points, how- 
ever, completely explains it. (3) In the case of ocular divergence, 
all diagrammatic representations of distance of course fail, for in 
this case there is no point of optic convergence, and therefore 
no point of sight. But even these cases are easily reducible to 
the law of corresponding points. I drew attention to and ex- 
plained these cases in 1875.* 

We repeat then that the law of corresponding points is by far 
the most fundamental and general law of binocular vision. 
But it is not necessary, in order to explain the oneness of the im- 
pressions on corresponding rods or cones, to assume, as some do, 
that these are two nerve-fiber-terminals of one brain cell. This 
wonderful property is probably an acquired one; not indeed 
acquired by individual experience alone, but by the experience 
of the whole line of vertebrate ancestry inherited and accumu- 
lated. Its wonderful, almost mathematical exactness is the 
result of the exquisite refinement of retinal structure and the 
constant use of the eye in the accurate estimate of distance. 

* This Jour., vol. 1x, p. 163, 1875 
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ART. XIIL—Crocidolite from Cumberland, R. I, with a dis- 
cussion of the composition of this and allied minerals, and a 
method for the determination of ferrous oxide in insoluble sili- 
cates; by ALBERT H. CHESTER, and F. J. CarRNs. | 


1. Crocidolite. 


THE occurrence of crocidolite in Rhode Island was announced 
some years ago by one of the writers,* but nothing more than 
to establish its identity was done at that time. Our recent 
work has been undertaken not only to make a thorough analy- 
sis of the mineral from this locality, but also to throw some 
light, if possible, on the constitution of the species. It occurs 
at Beacon Pole Hill, close to the well known mineral locality, 
Diamond Hill, Cumberland, R. I., in seams in a granite ledge. 
It is. usually disseminated in fine particles through feldspar, 
but often occurs in larger masses, up to the size of a butternut. 
Unbroken surfaces sometimes present a botryoidal appearance, 
and the nodules when broken show a radiated structure like 
wavellite, but much less marked; indeed in these specimens 
the fibrous structure is not always very apparent to the eye, 
though readily seen by the aid of a magnifier. The fibers are 
short, very fine, and interlaced or matted together in an irregu- 
lar manner, except where the radiated forms are seen. Its 
color is usually a dark bluish gray, the radiated nodules, how- 
ever, being darker, almost an indigo-blue, while the streak has 
a slightly lighter shade of the same gray. It is associated with 
dolomite, glassy quartz, and rarely with light purple fluorite. 
The feldspar matrix is grayish white in color, except where 
stained with iron, and coarsely granular, though occasionally 
small cleavage planes may be seen. It is judged to be albite 
from its easy fusibility, and from the intense yellow color it 
gives to the blowpipe flame. 

One of the larger masses afforded a sample for analysis 
wholly free from gangue, as proved by careful examination 
with the magnifier, as well as from the absence of all gritty par- 
ticles when pulverized in the agate mortar. It easily breaks 
down under the pestle into a mass, which, though soft and feel- 
ing perfectly smooth, is so tough as to require long and hard 
rubbing to make it sufficiently fine for analysis. 

Tested qualitatively it was found to consist of silica, oxide 
of iron, soda, water, and a little magnesia. Before the blow- 
pipe it gives the usual reactions of crocidolite, including the 
alkaline water when heated in a closed tube. Its specific 
gravity is 3°2. No hygroscopic water was given off when 


* Dana’s Man. of Min. and Lith., third edition, p. 252, 1879. 
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the sample, powdered for analysis, was kept for two hours at a 
temperature of 110° C. 

In executing the following analyses the water was deter- 
mined by direct weight, the pulverized mineral being heated to 
faint redness in a glass tube and the water collected in a 
weighed chloride of calcium tube. The ferrous oxide was de- 
termined by the ammonium fluoride method given beyond, the 
soda by heating with calcium carbonate and ammonium chlo- 
ride, and the other constituents by fusion with sodium carbon- 
ate in the usual manner. ‘To corroborate the determination of 
ferrous oxide a calculation was made from the difference be- 
tween the weight of the water found and the actual loss sus- 
tained by the sample, this difference presumably representing 
the amount of oxygen required to convert the ferrous oxide 
into ferric. The average of four water determinations is 3°56 
per cent, while the average loss by heat was 1°03 per cent. 
The difference, 2°53 per cent, represents oxygen, and corre- 
sponds to 22°77 per cent of ferrous oxide, corroborating the 
results obtained by the other method, which are the figures 
used in the following analyses. 

9 
51°03 
17°88 
21°19 
0°09 
6°41 
3°64 


99°94 


There seem to be good grounds for considering the water 
basic, and an essential constituent, for it requires nearly, if not 
quite, a red heat to drive it all out, and the taking up of oxy- 
gen at the same time shows a molecular rearrangement. Under 
the supposition that the water is basic the empyrical formula 
suggested is Fe,Na,H,Fe,Si,O,,, or 3FeO, Na,O, 2H,O, Fe,0O,, 
9SiO,, which requires the percentages given in the first 
column of the table below, the second column giving the ratio 
calculated from the same figures by dividing the percentages of 
the oxides found by their molecular weights, and the third col- 
umn the ratio calculated from the average of the two analyses 
given above. 

i, 3. 
*860 
‘098 "105 
296 "299* 
098 "102 
197 *210 


* With the MgO. 
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The mineral comes, then, under the general formula, R,RSi,O,,, 
where RO=FeO: Na,O: H,O: =3: 1:2, and seems fairly en- 
titled to take rank as one of the well authenticated mineral 
species. 

Let us now compare the figures given above with the 
published analyses of this mineral, which have all been made 
on the crocidolite from South Africa, with the exception of 
one by Delesse, to be considered later. 


Analyses. 


In analyses 1 and 2 no attempt was made to determine the 
ferrous oxide, and in 3 it it was determined by the hydrofluoric 
acid process in presence of carbon dioxide, a method that will 


only give accurate results if care is taken not to raise the heat 
too high. The total amount of iron found in each analysis 
calculated to Fe,O, is as follows: 


2. 3. 


38°20 39°23 


while in the mineral from Rhode Island it is 40°46 per cent. 

If now we correct these analyses to correspond with onr 
formula, calculating ferrous oxide in proportion to the silica 
found in each case we shall have 


2, 3, 
51°64 52°11 
19°46 18°49 

1-01 
16°84 18°74 
2°64 1°77 

711 [6-16] 

4°11 1°58 


The -ratios calculated from these revised figures are as 
follows : 


* Stromeyer, fibrous var., Gott. gel. Anz., p. 1585, 1831. 
+ Stromeyer, earthy var.; Gott. gel. Anz., p. 1585, 1831. 
t Dolter, Zeitschr. Kryst.. iv, 40, 1579. 


1* 2+ 
50°81 51°64 52°11 
20°62 

1°01 
| 33°88 34°38 16°75 
2°64 1°77 
7°03 711 [6°16] 
0:02 

| 
| 
| 
| 
L. 
18°60 
{ Al,O, 
| 5°88 
{ 


and the allied minerals. 


3. 
"869 
115 
‘19 
260) 
044 304 
099 
“O88 


showing as close an agreement among themselves and with the 
figures before given as could be expected between analyses 
made by different persons, using different methods, and on spe- 
cimens from different localities. The ferric oxide is high ac- 
cording to these figures, and still higher in 8, if we use those 
originally given by Délter for his analysis; but this is easily 
explained if one examines a specimen of the ‘“‘ Cape” crocidolite, 
the fibers of which are seen to be more or less coated with 
ferric hydrate, so that it would be difficult, if not impossible, 
to select an absolutely pure sample for analysis. The mineral 
from Rhode Island seems to be of purer material, and hence 
better fitted for an examination on the results of which a 
formula is to be calculated. 


2. Abriachanite. 


Heddle* has given the following analysis for a mineral which 
he named Abriachanite ; the 2d column showing the calculated 
ratios : 


Abriachanite. Vosges Crocidolite. 
51°15 
14°92 
9°80 feo... 
10°80 ° MgO... 
... 
Na,O 
Moisture 


Total. 99°71 


Here we have the ratio SiO, : Fe,O, : FeO: MgO: Na,O: 
H,O=9:1:4:1:2, where MgO: FeO=2:1. If now we 
correct the analysis of crocidolite from the Vosges Mountains 
given by Delesset+ so as to make the proportions of ferrous and 
ferric oxide agree with these ratios, we obtain results as above. 


* Min. Mag., iii,.61, 1879. + Ano. des Mines, III, x, 317, 1836. 
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‘115 
+228 
‘888 
099 
430 
096 
140 
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A comparison of these figures with those given for abriach- 
anite forces us to the conclusion that the two analyses are made 
on essentially the same substance, and that Heddle’s mineral is 
simply a magnesian variety of crocidolite. The name abriach- 
anite, if retained at all, may be kept as the name of this variety. 

In this connection it is proper to notice the crocidolite-like 
mineral from Mexico described by Bauer,* and referred by him 
to asbestos. The table below gives his analysis and the caleu- 
lated ratios. 


Here, although lime has taken the place of ferrous oxide, and 
there is much less soda and water, yet the ratio of SiO, : R,O, : 
RO is practically the same as in the last-named variety. It 
also agrees with crocidolite in its physical and pyrognos- 
tic characters. It stands then as a connecting link between cro- 
cidolite and amphibole, and perhaps indicates the true rela- 


tions of the former mineral. We certainly cannot agree with 
the conclusions of Délter,+ afterward sustained by Kenngott,t 
who considers crocidolite merely a fibrous variety of arfvedson- 
ite, for to carry out this idea, Kenngott is obliged to throw the 
water out of consideration as non-essential, and to make no ac- 
count of about five per cent of the silica in Stromeyer’s analy- 
ses, and of nearly seven per cent in Délter’s, which, as he says 
himself, “is difficult to explain.” And the true nature of arf- 
vedsonite can hardly be considered as settled, for Lorenzen’s 
recent analysis,§ with the formula deduced from it, is so totally 
different from any before it as to render its further examination 
quite necessary. 

In looking over the figures of the various analyses quoted 
above, the widest variation is noticed in those given for water, 
varying from 1°58 to 5:58. Supposing the analyses all to be 
made on essentially the same mineral this may result from 
either of two causes. In the first place, where it is high, part of 
it may be non-essential, as is the case in Heddle’s analysis, where 
0°95 per cent went off at 100°, leaving 3°82 as that actually be- 
longing to the mineral. Then, where the result is low it may 
have been determined by the loss when heated. Such a de- 
termination will always be too low on this mineral, for at the 


*Z, f. Kryst., iv, 40, 1879. + Neu. Jahrb. f. Min., ini, p. 163, 1885. 
t Min. Mag., v, 50, 1882, § Neu. Jahrb. Min.,i, p. 158, 1882. 
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temperature required to drive off the water some, if not all, of 
the ferrous oxide will take up oxygen, the amount taken up de- 
pending on the time and the temperature to which it is heated. 


3. Determination of Ferrous Oxide. 


The determination of ferrous oxide in insoluble silicates by 
the use of hydrofluoric acid in the presence of carbon dioxide 
presents so many difficulties that in many cases it has not been 
attempted, although essential to a proper understanding of the 
constitution of the mineral under consideration. In 1867, Prof. 
Cooke described* a method which gives excellent results, and 
which requires the use of only simple apparatus, the principal 
objection to it being the difficulty of obtaining pure concen- 
trated hydrofluoric acid. In 1877, Prof. Leeds, at a meeting of 
the New York Academy of Science, read a papert on a new 
method, where the hydrofluoric acid used is manufactured dur- 
ing the progress of the analysis, within the apparatus employed. 
Very good results are also obtained by this method, but the ap- 
paratus is somewhat complicated. A third method is given by 
Déltert which seems to be quite satisfactory, but here again 
hydrofluoric acid is employed. 

We have used ammonium fluoride, a substance which can 
readily be obtained pure, and can be kept unchanged. The 
method is in short as follows: About 0°5 gm. of the pulverized 
mineral is put into a large platinum crucible over a water bath, 
and a slow stream of carbon dioxide is carried into it. When 
tbe air is expelled, a few drops of concentrated sulphuric acid 
are added, then some pure ammonium fluoride and the whole 
stirred with a platinum spatula. Similar additions are made 
from time to time, until the mineral is completely decomposed, 
when the contents of the crucible are emptied in a beaker con- 
taining cold water, the solution diluted, and the iron determined 
as usual by means of potassium permanganate. 

There are several points with reference to apparatus and 
manipulation that it is desirable to describe more in detail. 

Fine pulverization of the mineral is quite necessary, and we 
have found it desirable to rub the powder a second time in the 
agate mortar, after the sample had received the usual prepara- 
tion for decomposition by fusion. 

The platinum crucible should be of at least 50 c.c. capacity 
so that it can be immersed in the hot water of the water bath to 
the height that the frothing reaches inside at the beginning of 
the operation. Otherwise some of the material carried up by 
the froth may stick to the sides of the crucible, and not be thor- 
oughly decomposed. 

* This Journal, IT, xliv, p..347, 1867. + Am. Chemist, vii, p. 396, 1877. 

¢ Zeitschr. f. Anal. Chem., xviii, 50, 1879. 

Am. Jour. Sct.—Tuirp Series, VoL. XXXIV, No. 200.—Ave@ust, 1887. 
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The crucible may be conveniently covered by two pieces of 
platinum foil, lapping a little at the middle, and with the cor- 
ners bent down over its edges to keep them in place. A hole 
through one of them admits the end of the tube conveying car- 
bon dioxide. The other covering piece, lapping over the first, 
has one corner cnt away a little to admit a small platinum 
spatula, or stiff wire, which remains in the crucible during the 
whole operation. 

A bent tube of hard glass, enlarged « little near the end, which 
passes through the hole to prevent it from slipping in too far, 
conveys the carbon dioxide from a generator, or more conven- 
iently, from a gasometer, to the crucible. Between the gas- 
ometer and the crucible a washing bottle charged with concen- 
trated sulphuric acid should be placed. 

The pulverized mineral is put into the crucible on the water 
bath, which should be kept boiling during the whole operation, 
the carbonic acid turned’ on and allowed to drive the air out. 
The flow may then be reduced to about two bubbles per sec- 
ond, which is quite sufficient to keep the crucible filled with 
the gas. A few cubic cent. of concentrated sulphuric acid are 
then stirred up with the powder, and finally a little ammonium 
fluoride is added, causing a violent frothing of the materials. 
After this action has ceased more of the reagents are added in 
several portions until such an addition causes no apparent 
change. The operation requires about 25 mg. of the fluoride 
for every 10 mg. of silica in the sample; that is, for 05 gm. 
of a silicate containing about 50 per cent of silica 1:25 gm. of 
fluoride will be needed, added in three or four portions, at in- 
tervals of five to ten minutes, sufficient sulphuric acid being 
added with it to keep the mass fluid. It is desirable to stir it 
up frequently, particularly during the first part of the process, 
and for this reason, as well as for convenience in watching the . 
operation, the cover is made in two pieces, so that one can be 
readily removed and replaced. 

Decomposition being complete, the contents of the crucible 
may be poured into a large beaker containing cold water, the 
crucible and spatula washed into it, the solution properly diluted 
and titrated as usnal. In cases where the mineral contains 
much ferric silicate, a basic salt, insoluble in cold water, will 
be formed. If desired, the beaker may be filled with carbon 
dioxide, and the contents heated until a perfectly clear solution 
is obtained, but this is not necessary, for all the ferrous sulphate 
dissolves in the cold water, and the milkiness produced by the 
other does not interfere in the least with the delicacy of the 
color reaction, but rather aids it. 

Several experiments were made to test the accuracy of this 
method with results given below. Two sources of inaccuracy 
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are possible ; first, that oxidation should take place; second, 
that the mineral should not be perfectly decomposed. To set- 
tle the first point two soluble silicates, and a sample of dunyte 
from North Carolina, and the other a rolling mill cinder, were 
treated by our process, and afterwards by decomposition with 
sulphuric acid in a flask, in an atmosphere of carbon dioxide, 


with results as follows: 
9 


Dunite 2°72 

Cinder 6 59°88 
Showing closely accordant results. To settle the question as to 
complete decomposition duplicate determinations were made on 
pyroxene from Vesuvius, and on the erocidolite from Cumber- 
land, R. I. 

2. 

Pyroxene 4:59 

Crocidolite, 21°25 

That the decomposition is complete and the results obtained 
are to be relied on, is proved not only by the agreement shown 
above, but also by the absence of all gritty particles in the 
beaker after solution, and by the fact that complete solution 
takes place on heating, or even after a few hours standing in 
the cold, after titration. 

The whole operation requires about one hour from the time 
the mineral is put into the crucible to the final determination 
of the iron. ‘The time required for pulverization cannot be 
lessened, however, for unless this part of the work is carefully 
done, decomposition will not be complete. In several experi- 
ments on the cinder named above the loss was found to be 
from three to six per cent of the ferrous oxide known to be con- 
tained in it, and it was at first feared that the method would 
prove a failure on certain silicates ; but finer pulverization com- 
pletely overcame the difficulty and there was afterwards. no 
trouble with any of the silicates on which we experimented. 

Hamilton College, March 29th, 1887. 


Nore.—Since writing the above the attention of the authors 
has been called to an article by C. E. Avery® entitled “ Decom- 
position of refractory Silicates by Fluorides.” In this article the 
use of a metallic fluoride is proposed for the purpose mentioned, 
but no suggestion is made as to ferrous oxide, nor are any details 
of the process given. In Crooke’s “Select Methods of Chemical 
Analysis ”+ the application of this method to the determination of 
ferrous oxide is suggested, but here only meagre details are given 
and in both cases objection is made to the use of ammonium 
fluoride, which we have found most convenient and satisfactory. 


* Chemical News, vol. xix, p. 270, 1869. } Edition of 1886, p. 133. 
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We have also been so fortunate as to secure a sample of the 


crocidolite from Orange River, South Africa,and have analyzed 
it with the following results : 


Ratio. 


=) 


This will be seen to agree very well with the formula suggested 
for the Rhode Island crocidolite, except that there is an excess of 
ferric oxide, amounting to about four per cent. This result is to 
be expected, for the sample contained this oxide of iron in visible 
form, coating the fibers with a brown crust, and so closely adher- 
ing to them, as to make it quite impossible to obtain a sample for 
analysis free from this impurity, though every pains was taken to 
do so. 


Art. XIV.— Chemical Integration ; by T. SteRRY Hunt. 


[Read before the National Academy of Sciences at Washington, April 19, 1887.] 


§ 1. THE process of chemical union or combination has been de- 
fined as interpenetration and as identification, by Kant and by 
Hegel, and more recently, by the present writer, as integration ; 
all changes in matter, as Herbert Spencer has well said, being 
resolvable into integration and disintegration. This process 
may take place either among unlike or like species, being in the 
latter case a homogeneous integration, constituting wiat is 
called polymerization; while depolymerization is a homogen- 
eous disintegration. These two forms of the chemical process, 
as was defined in 1853, are respectively metamorphoses by con- 
densation and by expansion, and were by the writer then in- 
cluded under the name of chemical metamorphosis. The rela- 
tions of these homogeneous changes to heterogeneous integration 
and heterogeneous disintegration, which give rise to species 
differing in centesimal composition from the parents, and consti- 
tute what was at the same time distinguished as chemical meta- 
genesis—are obvious. 

2. It was further shown that heterogeneous integration fol- 
lowed by heterogeneous disintegration or dissociation, giving 
rise to two species unlike the parents, constitutes what is called 
double decomposition, and that a similar heterogeneous inte- 
gration, followed by a homogeneous dissociation, is seen when 
chlorine and hydrogen gases by their union give rise to chlor- 
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hydric gas, without change of volume; the condensation 
involved in the process of integration being immediately 
followed by an expansion of similar amount. The law of 
chemical condensation and chemical expansion being universal, 
there is theoretically no limit to either of these processes. Such 
homogeneous expansion or dissociation, it is known, takes place 
in elemental gaseous species, as when the vapors of sulphur 
and iodine are exposed to elevated temperatures, as well as in 
the vapors of compound species like nitric peroxyd, acetic 
acid and turpentine-oil. 

§ 3. The chemical species, to those agencies which do not 
effect its disintegration, is a complete entity or integer. This, . 
in the case of homogeneous integration in gases and vapors, is 
generated by the condensation into a single volume of two or 
more volumes of a less dense species. The designation of 
polymers given to such condensed species, implying that they 
are made up of many parts, carries with it the notion of build- 
ing by additions, and thus of complexity rather than of integ- 
rity : it is therefore rvjected. 

We assume hydrogen as the type of the normal integer, and 
the weight of two portions of this element (H,=2°0) being the 
unit, the weight of a like volume of any other gas or vapor is 
its equivalent weight; that is to say, the weight of a volume 
equal to H,. This, in the language of the atomie hypothesis, is 
its molecular weight; the so-called atomic weights being the 
smallest combining weights of the elemental species, compared 
with H=1°0. 

§ 4. The normal integers of oxygen, hydrogen and chlorine, 
and of bromine and iodine vapors, are thus double or dyad 
integers, while ozone and the vapor of selenium below 800° are 
triple or triad, and that of sulphur vapor below 550°, is sextuple 
or hexad ; all of these however at higher temperatures assuming 
the densities of the normal or dyad integers. The quadruple 
integers of phosphorus and arsenic vapors, there is reason to 
believe, undergo a like change; while the double integer of 
iodine at about 1500° becomes, as is well known, a single or 
monad integer, a result which at the highest temperatures of 
experiment, is already partially attained for bromine and 
chlorine; the vapors of mercury and cadmium being known to 
us only in this condition of monad integers. Such a state, from 
analogy, we may conceive would be attained under favorable 
conditions of temperature and pressure for the vapors of all 
known elements, and may, as the writer has elsewhere suggested, 
actually take place, for many species, in the electric arc; while, 
as he was the first to point out, in 1867, a still further dissocia- 
tion, yielding unknown and still more elemental forms, proba- 
bly appears in solar and nebulous matter. 
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The subject of homogeneous disintegration by heat is further 
illustrated by the vapor of nitric peroxyd, of acetic acid, of 
paraldehyde and of turpentine-oil. These integers of varying 
densities, and of varying equivalent weights, alike of so-called 
elements and of compounds having a similar centesimal compo- 
sition may be conveniently designated higher and lower 
integers ; the terms implying at the same time higher and lower 
specific gravities, and higher and lower equivalent or integral 
weights, since the density or specific gravity—as is well 
known, varies as the equivalent weight in the case of gases and 
vapors. 

§ 5. A similar direct relation between equivalent weight and 
specific gravity in liquids and in solids was first indicated by 
the writer in 1848, and was again urged in 1853.* It was fur- 
ther insisted upon in a communication to the French Academy 
of Sciences in 1855, where after saying that “ since the chemical 
combination of two bodies is to be regarded as an interpenetra- 
tion of masses, and not as a juxtaposition of molecules, the 
atomic hypothesis is not necessary for the explanation of the 
law of equivalent weights,” it was added: “ Their densities thus 
furnish us a means of fixing the equivalent weights of gases, 
and of bodies which volatilize without decomposition, and it 
remains to be determined if some law as simple as that of Gay- 
Lussac would not permit us to fix by similar means the equiva- 
lents of solids and non-volatile bodies.”+ The further develop- 
ment of this problem in subsequent years we have discussed at 
length in the volume cited above. 

§ 6. In accordance with this conception the writer, in 1858, 
spoke of “that mode of metamorphosis which constitutes poly- 
merism.” The conception of polymerism or homogeneous 
integration as of universal application in chemistry was further 
insisted upon in 1867, when it was asserted that “the gas or 
vapor of a volatile body constitutes a species distinct from the 
same body in its liquid or solid state, the chemical formula of 
the latter being some multiple of the ‘first; and the liquid and 
solid species often [probably always] constitute two distinct 
species of different equivalent weights.” It was at the same 
time further asserted of the liquid and solid alcohols, acids, 


* See the author’s lately published volume. A New Basis for Chemistry, pp. 11, 
12 and 33, 39, wherein the citaticns given below in this paragraph were, by inad- 
vertence, omitted. 

¢ Sur les Volumes Atomiques, Comptes Rendus de |’Académie des Sciences, 
xli, 77-81. ‘ Puisque la combinaison chimique de deux corps doit étre regardée 
comme une interpénétration des masses et nou pas une juxtaposition des molécules, 
Vhypothése atomique n’est pas nécéssaire pour expliquer la loi des poids équiva- 
lents.” “Les densités nous fournissent ainsi un moyen de fixer les poids 
équivalents des gaset des corps qui sont vaporizables sans decomposition, et il 
restait 4 detérminer si quelque loi aussi simple que celle de Gay Lussac ne nous 
permettrait pas de fixer par un moyen semblable les équivalents des corps solids 
et non volatiles.” 
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ethers and glycerids, that “these non-gaseous species are gen- 
erated by the chemical union or identification [integration] ofa 
number of volumes or equivalents of the gaseous species ; which 
number varies inversely as the density of the species."* From 
this it follows that all condensation of gases and vapors by cold 
or pressure, and all fusion, solidification, and vaporization are 
chemical metamorphoses. The law of volumes, hitherto applied 
only to gases and vapors, extends to all solid and liquid species, 
and is a universal law. 

§ 7. The identification of the processes of vaporization and 
condensation of vapors with chemical change is in accordance 
with the views enunciated by Henri Sainte-Claire Deville in his 
researches on dissociation between 1857 and 1865.+¢ These 
views are well resumed in his final statement, in 1873,—that 
Isambert in his studies of the compounds of ammonia with 
chlorids “not only demonstrates the analogy between the 
phenomena of dissociation and of vaporization, but establishes 
their complete parallelism.” Hence, in the opinion of Deville: 
“There is, according to these ideas, no essential difference be- 
tween physical phenomena and chemical phenomena, or rather 
the passage from the one to the other is continuous.”{ It may 
be said in comment upon this remarkable statement that until 
the true nature of tlie processes of vulatilization and vaporous 
condensation had been established those chemical phenomena 
marked by changes of state had been wrongly regarded as 
‘to aps (or dynamical) phenomena. By “change of state” are 

ere meant all changes between the conditions of gas, liquid 
and solid, as also the transformations of these, which are always 
marked by alterations in density, as well as in other physical 
characters. [Illustrations of these changes are familiar alike in 
simple and in compound species.§ 

§8. It follows from these considerations that if the law of 
volumes, recognized bv Gay-Lussac in the changes of gases and 


* American Journal of Science, xliii, 205; also the writer's Chemical Geologi- 
cal Essays, 456, and A New Basis for Chemistry, 41, 42. 

+ A New Basis for Chemistry, 133-137. 

¢ Report by Deville on a memoir by Troost and Uautefeuille, Sur les transfor- 
mations isomériques et allotropiques ; Comptes Rendus de |’Académie des Sciences, 
(1873) Ixxvi. ‘“Isambert ..... non seulement demontre l'analogie entre les 
phenoménes de dissociation et de vaporization, mais en établit le parallelisme 
complet.” Tl u’y a aucune difference, d’aprés ces idévs, entre les pheno- 
ménes physiques et les phenoménes chimiques, ou plutdt le passage des uns aux 
autres se fait par des variations continues.” Deville, loco citato. 

§ Of phosphorus, which affords perhaps the most instructive example of these 
changes, there are known (1) The vaporous species. which according to Victor 
Meyer gives indication of conversion into a more elemental species at very high 
temperatures; (2) liquid phosphorus which boils at about 279°,—when it has a 
density of 1°5285—and may, under proper condition, be cooled to 20° or even to 
0°, but below 44° is readily changed, with rise of temperature, into the solid 
transparent, colorless crystalline species, (3) which is luminous in the air, soluble, 
poisonous, a non-conductor of electricity, having at 40° a density of 1°806. This 
i$ Converted by sun-light, by the action of iodine, by a temperature of 230°, or 
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vapors, is to be extended, as we have maintained, to their con- 
densation into liquids and solids, so that for these, as for gases, 
the specific gravity is a function of the equivalent weight, we 

are forced to the conclusion that the equivalent or integral 

weights of liquids and solids are much more elevated than has 

been hitherto supposed. This the writer taught from 1853.up 
to 1885, although he had not in those years arrived at the 
simple means of fixing the value of these weights, subsequently 

set forth in 1886.* 

These elevated equivalent weights furnish illustrations of the 
great principle of progressive series in chemistry, which, first 
recognized in 1842, by James Schiel, in the formula of related 
bodies differing by n(CH,), and in that form adopted by Charles 
Gerhardt in 1844, was in 1853 generalized by the present writer, 
and regarded as a principle of universal application. As then 
pointed out, progressive series in chemistry may be included 
under two heads: those in which the first term is the same as 
the common difference, as seen in polymerization or homogen- 
eous integration, and those in which it is unlike the common 
difference. It was at that time asserted that there are progres- 
sive series,—having homologous agg: between their mem- 
bers—differing not a vy n(CH,), but by n(OH,), by n(OM), 
and by n(SM), as well as by n(CMO,). 

The subject was further pursued in a communication to the 
French Academy of Sciences in 1855, when it was said, ‘These 
homologous relations, far from being limited to carbon com- 
pounds, are but examples of that numeric harmony seen by 
Laurent, and recognized by Dumas in the equivalents of the 
elements, which will become for chemistry a principle as wide 
in its application as those of atomic weights and volumes.” Of 
the writer’s studies of the latter, it was further said by him in 
1855, that they were undertaken “in the hope of giving to 
mineral chemistry something of that exactitude which organic 
chemistry already possesses.”+ 


more rapidly, with evolution of heat from the condensation, when exposed to the 
temperature of boiling sulphur [450°] into (4) the amorphous red species, insolu- 
ble, non-luminous, and non-poisonous, with a density of about 2°10. This species 
volatilizes in vacuo, without fusion, at 550° and is re-deposited in red crystals, 
which are perhaps identical with the red crystallized metalloidal species (5) got 
by melting lead with phosphorus under pressure, which has a density of 2°34 at 
15°, and is a conductor of electricity. The forms of red phosphorus with inter- 
mediate densities are possibly mixtures of the last two species. 

*See A New Basis for Chemistry, 100, 111. 

+ Comptes Rendus de I’Acad. des Sciences, xli. 77-81; sur les volumes atom- 
iques. “Ces rapports d’homologie, loin d’étre limités aux composés de carbone, ne 
sont que des examples de cette harmonie numérique que voyait déja Laurent, que 
Dumas a reconnue dans les équivalents des eléments, et qui deviendrait pour la 
chimie un principe d’une application aussi large que ceux des poids et des 
volumes atomiques.” ‘ Dans l’espoir de donner a la chimie minérale quelque chose 
de cette exactitude que posséde déja la chimie organique.” Loco citato. 
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§ 9. In a later note, on the Relation between certain Bodies 
differing by H, and O,, presented to the same Academy in 
1855, after recalling the above conclusions as to homologous 
series, it was maintained that similar relations may exist be- 
tween bodies differing in their proportions of oxygen or of 
hydrogen. In support of this thesis, as regards oxygen, were 
then compared alike chemically and crystallographically, malic 
and tartaric acids, chlorates and perchlorates, sulphates, car- 
bonates and sulphato-carbonates. As regards hydrogen, the 
compound ammonias, NH,+n(CH,), were compared with the 
analogous base piperidine, belonging to a series NH+n(CH,), 
and with arsine or methyl arsenid, ASH+CH,. These facts, 
and other considerations, it.was then argued, “lead us to admit 
an intimate relation between bodies differing by H,” as well as 
by O,(O = 8).* 

§ 10. A further illustration of this extension of the concep- 
tion of progressive series was soon afterwards afforded by the 
studies of J. P. Cooke on the crystallized alloys of zinc and an- 
timony, which, with similar crystalline forms, present consider- 
able variations in the proportions of their constituents, leading 
him to the conclusion that “zine and antimony are capable of 
uniting in other proportions than those of their chemical 
equivalents, or, in other words, that the law of definite propor- 
tions is not so absolute as has been hitherto supposed.”’+ In 
commenting on these results, as they had been set forth by 
Cooke in 1860, it was said by the writer in 1874: “ These al- 
loys of varying composition are to be regarded in part as 
examples of a progressive series of isomorphous compounds of 
antimony and zinc, of high equivalent, differing from each 
other nZn,—and in part doubtless as crystalline mixtures of 
these isomorphous homologous species. The principle em- 
bodied in the conception advanced by Prof. Cooke, and rightly 
regarded by him as of great importance to a correct science of 
mineralogy, he has named allomerism. It is evidently a case 
of homologous and isomorphous relations between members of 
a progressive series,—a general principle upon which I have 
insisted throughout the pages of this paper [one in the Compte 
Rendu of the French Academy of Sciences for June 29, 1863, 
there reprinted,] and which includes the polymeric isomorph- 
ism of Scheerer.”t 

§ 11. If now, as was argued in 1853-1855, the equivalent or 
integral weights of liquid and solid species are represented by 

* Comptes Rendus de l'Académie des Sciences, xli, 1167; sur les rapports 
entre quelques composés different par H, et Os. ‘Nous portent a admettre un 
rapport intime entre les corps différants par H..”’ 

+ Cooke. this Journal, 1883, xxvi, 310-316, resuming the conclusions of his 


studies of 1855 and 1860. 
¢ Hunt, Chemical and Geological Essays, 447. 
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very large numbers (which, as was subsequently shown, are 
multiples by many thousands of that of hydrogen) and if, as was 
then further maintained, there are found among such species 
bodies belonging to progressive series having as a common differ- 
ence not only CH,, OH, and OM, but M.,, H, and O, it becomes 
apparent that the chemical formulas of bodies so related may 
present ratios much less simple than those hitherto generally 
admitted. If, in fact, the relations perceived in surbasic salts, 
such as the so-called subnitrates and subsulphates, which differ 
among themselves by n(MO) be extended to other compounds, 
and if oxyds with elevated formulas differ among themselves 
by nH,, xM or nO we may have not only n(MO), n(M,O,), 
n(M,0, and n(MO,) which, if n=24, will be 

but bodies intermediate between tinese, the general formula 
being M,,0,,+”0. The coefficient of M for oxyds like peri- 
clase, magnetite, hematite, polianite, quartz and cassiterite, will 
however not be 24, but approximately 2400. 

§ 12. The existence of oxyds of such intermediate compo- 
sition has lately been insisted upon by Schiitzenberger, who 
shows that oxyds of tin, mercury, copper, lead, zinc, manganese 
and iron, when prepared in different ways, vary considerably 
in their proportions of oxygen. Thus cupric oxyd from the 
calcined nitrate evolves oxygen when dissolved in nitric acid, 
while ferric oxyd got by a similar process, if we assume the 
formula to be Fe,O,, gives the value of Fe=54, while for a sim- 
ilar oxyd from the calcined oxalate, if we admit the same 
formula, we get Fe=56. In other words, 24 parts of oxygen 
are in the first case united with 54, and in the second with 56 
parts of iron. 

Boutlerow, who confirms the results of Schiitzenberger, 
concludes from similar studies that the combining weight of 
carbon may vary from 12:0 ‘to 11:8, and supposes a change in 
the chemical value of that elernent; that is to say, the amount 
of carbon united with 32 parts of oxygen may vary from 12* 
to 11°8 parts, the resulting compounds, though not identical, 
being similar in chemical properties. Schiitzenberger, in like 
manner, admits the variability in value on either side of a 
_ of maximum stability, which is in most cases attained. 

e concludes that “all of these results lead directly to the con- 
clusion that the law of definite proportions is not rigorously 
exact, unless we are willing to admit in each particular case 
the existence of compounds more or less oxygenized than those 
hitherto known to us, which may occur mixed with the pro- 
ducts of the reaction.”* This suggested explanation of the 


* See for the papers of Schiitzenberger and Boutlerow, Bull. de la Société 
Chimique de Paris, 1883, xxxix., 257-263, also an extended analysis of them in 
this Journal, in the same year, xxvi, 63. The results obtained, according to 
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facts, which, however, does not appear to be acceptable to 
Schiitzenberger, Boutlerow, or Cooke (who has published a 
valuable discussion of the subject), is nevertheless an approx- 
imation to what we conceive to be the true one, believing 
however that the oxyds with more or less than the ordinary 
proportions of oxygen are not necessarily nor even probably 
(with some apparent exceptions) admixtures, but definite inter- 
mediate oxyds, being members of great progressive series. 

$13. The conception that these variations in composition 
are due to the presence of admixed portions of more and less 
oxygenized compounds is not acceptable to Schiitzenberger for 
the evident reason that it becomes inadmissible when we have 
to deal with gaseous or vaporous species such as carbon dioxyd 
and as water-vapor. This, as generated by passing hydrogen 
gas over ignited copper oxyd, presents according to him, varia- 
tions in the proportions of H : O, of from 1:00: 7°95 to 1:00: 8°15 
by weight ; that corresponding rigorously to the volumetric re- 
lation 2:1, being, from the most probable data, very nearly 
1:00: 7°98. Water thus obtained, with an excess of oxygen, 
though neutral, possesses, according to Schiitzenberger, oxy- 
dizing powers ; the same being true of carbon dioxyd with the 
larger proportion of oxygen. 

§ 14. Prof. Cooke, as we have seen (§ 10), had already in 
1860, arrived at a conclusion similar to that subsequently 
reached by Schiitzenberger and by Boutlerow; namely, that 
“‘the law of definite proportions is not so absolute as has been 
hitherto supposed ;” but that the chemical value of the elements 
may change within certain limits. In his discussion, in 1883 
of these views as enunciated by the chemists just named, Cooke 
remarks—‘“ Such opinions are certainly very revolutionary, and 
if they prevail must entirely change the fundamental concep- 
tions of chemical philosophy. Chemical combination can no 
longer be regarded as the juxtaposition of the definite inva- 
riable masses which we call atoms, but must be considered as 
the ‘ reciprocal saturation ’ or ‘ interpenetration ’ of masses which 
may vary with the relative strength of their chemical energy 
acting at the time; and this change of the fundamental 
conception is inconsistent with the atomic theory, and with the 
superstructure which modern chemistry has built upon it.” 
Cooke adds that while holding that “the atomic theory is the 
only basis on which a consistent philosophy can at present be 
built "—‘‘he is rather drawn to that view of nature which 
refers all differences between substances to dynamical causes, 
Schiitzenberger, “conduisent directement a cette conclusion, que la loi des propor- 
tions definies n’est pas rigoreuse, 4 moins qu’on ne veuille admettre dans chaque 
cas particulier l’existence des composés plus oxigénés on moins oxigénés que 
ceux connus jusqu’ a préseut, et qui se trouveraient en mélange avec le pro- 
duit principal de la réaction.” 
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and which regards the atomic theory as only a temporary ex- 
pedient for representing the facts of chemistry to the mind.’* 

§ 15. It has already been shown that the writer does not 
share the interpretation of these variations in composition given 
by Cooke, Schiitzenberger and Boutlerow, but regards, as was 
already said in 1867, the facts “from which some have sug- 
gested a deviation from the law of definite proportions,” as 
“only an expression of that law in a higher form ;” believing 
that so far as we yet know, the laws of measure, number and 
weight in chemistry are invariable. To one who since 1853 
has persistently combatted the atomic hypothesis as contrary to 
a sound philosophy,t and throughout all the succeeding years 
has sought to build up without it a new theory of chemistry upon 
a dynamic basis, it is however no small satisfaction to find that 
Prof. Cooke, who has been among the ablest defenders of this 
famous hypothesis, is at last led to look upon it as “only a 
temporary expedient for representing the facts of chemistry to 
the mind.” 

§ 16. The question here arises whether in gaseous species 
like water-vapor, H,O, and carbon dioxyd CO,, whose integral 
or equivalent weights are represented by these formulas, it is 
possible to admit such variations in composition as have been 
already signalized, and as we have sought to explain in the case 
of liquid and solid species of high equivalent weights. We 
recall what has been said (§ 2, § 4) as to the process of homo- 
geneous dissociation when the hexad integer of sulphur vapor 
at 500° is changed at higher temperatures into three dyad 
integers, and the dyad integer of iodine is at 1500° disinte- 
grated into two monad integers, as also the integrations of 
pentine and aldehyde, and the homogeneous disintegration of 
their so-called polymers; and again, the fact that the dyad 
integer of hydrogen (H,), after combining integrally with a 
similar integer of chlorine (Cl,), is dissociated into two dyad 
integers of chlorhydric gas, 2(HCl),,—the double process of 
heterogeneous integration and homogeneous disintegration 
taking place without a perceptible interval, so that no change 
of volume is observed. The union of hydrogen and oxygen, 
in like manner, may be supposed to give rise temporarily to a 
more condensed vaporous species, which subsequently under- 
goes homogeneous disintegration or dissociation like ‘sulphur 
and iodine vapors, or like H,Cl,, or dipentine C,,H,, = 2(C,H,). 
Thus,while ordinary water-vapor, with the ratio for hydrogen and 
oxygen of 2:1 by volume, and of 1:0: 79816 by weight, equals 


* This Journal (1883) xxvi, 310, 316. 

+ A New Basis for Chemistry, pp. 60-67. See also in this connection G. A. 
Hirn, La cinétique moderne et le dynamisme de l'avenir; Comptes Rendus 
de I’ Académie des Sciences, Sept. 20, 1886. 
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= 50, the ratio 1:0: 8°142 corresponds to (H,,,0,,)+50. 
These figures, arbitrarily assumed, will serve for illustration ; 
but it may be remarked that the integral weight for the gascous 
species, H,,,0,, = 898°16, which may be supposed to have a 
momentary existence before homogeneous disintegration, is not 
very much greater than the weights observed for the vapors of 
stannic and aluminic iodids; SnI, = 534-1, and AJl,I, = 813-2. 

§ 17. The integral weight of liquid water with the usual 
volumetric ratios is represented by 1628(H,O) = 29,244, as has 
been shown at length in “A New Basis for Chemistry.” The 
great importance of this datum is due to the fact that the weight 
of this liquid at its maximum density has, for obvious reasons, 
been assumed as the unit of specific gravity for all liquids and 
solids. For similar reasons of convenience, a second arbitrary 
unit, the weight of atmospheric air at 0° and 760™™ pressure, 
has been adopted as the unit of specific gravity for all gases 
and vapors. Hydrogen gas at the same temperature and pres- 
sure, which gives us the unit of integral weight, would, how- 
ever, seem to be the natural unit of specific gravity for all bodies 
whatsoever, and in fact the accepted integral or equivalent 
weights for gases and vapors are but the specific gravities of 
these bodies referred to hydrogen, H, = 2:0; which is not only 
the unit of weight and volume adopted by chemists for all 
gases and vapors, but also the unit of weight in all calculations 
of the equivalent or integral weights of liquid and solid species. 
The values thus assigned not only to water-vapor and to gas- 
eous carbon dioxyd, but to ice, to water, to liquid and solid 
carbon dioxyd, to quartz, and to calcite, are really the-specific 
gravities—hydrogen gas, H, = 2°0 being unity—of the normal 
gaseous species H,O and CO,, and of the possible gaseous 
species, silicon dioxyd, SiO,, and calcium carbonate CCaO,, 
which by integration, or so-called polymerization, give rise to 
the liquid and solid forms of water and carbon dioxyd, to trid- 
ymite and quartz, to calcite and aragonite. 

If now we compare the densities of these various liquid and 
solid species with those of the known gaseous species H,O and 
CO,, or, in the last analysis, with the density of the hydrogen 
unit, H,, we obtain a direct expression for the condensation 
suffered by these in passing into the liquid and solid integers. 
In other words, we get the specific gravity of these bodies, 
the dyad integer of hydrogen at 0° and 760™"(H, = 2° 0) 
being unity. That of water-vapor at 100° and 760™", repre- 
sented by H,O = 17-9633; the same volume of water at 100° 
being represented by 1628(H, O) = 29,244. The density of all 
species, whether gaseous, liquid or solid, is thus compared with 
that of their volumetric equivalent of hydrogen gas (H, = 2°0) 
at the standard temperature and pressure, and is seen to be for 


126 T. 8S. Hunt—Chemical Integration. 


liquids and solids, not less than for gases and vapors, a func- 
tion of their equivalent or integral weights. 

§ 18. The hardness and chemical indifference of solid species 
are in like manner, as we have elsewhere endeavored to show, 
functions of their integral weights. For the study of these 
relations we have calculated for the species to be compared the 
values got by the proportion d:p }:1:v, in which d = density of 
weight of the liquid or solid species compared with water, 
1628(H,O) at 4°; and p= the weight of the gaseous species (or 
so-called molecular weight) compared with H, at 0° and 760™", 
The relation d:p is thus that between the densities of the solid 
(or liquid) and the gaseous species, and the so-called molecular 
volume = v is the reciprocal of the co-efficient of the condensa- 
tion suffered by the gaseous in passing into the solid species. 
The hardness and the chemical indifference of related species 
are inversely as the values of v. 

For such species, with more or less complex formulas, it be- 
comes necessary to fix comparable terms for p, and in the case 
of compound oxydized species, of which the vapor-density is 
unknown, we have assumed, as the unit for p, a weight including 
that of H = 1.0, of Cl = 355, or of OF 2=8°0. By thus adopt- 
ing a combining weight of 8-0 for oxygen as a basis, we get a 
unit which gives a common term of comparison for oxyds, 
sulphids, chlorids, fluorids, and for intermediate compounds like 
the oxysulphids and oxyfluorids common in native species. It 
is of course a hypothetical unit, which for elemental species and, 
for fluorids, chlorids, ete., corresponds with the normal vaporous 
species; but for oxydized species is some fraction thereof, as in 
the cases of water, of spinels, and other oxyds. 

We may readily extend this system of hypothetical units to 
silicates, carbonates, sulphates, phosphates and more complex 
species by dividing in al! cases the empirical equivalent weight 
by twice the number of oxygen portions (O = 16°0,or more ex- 
actly 159633) plus the number of chlorine or fluorine portions.* 
We have thus, for example: 


Forsterite, SiMg.0, = 140+8 

Calcium carbonate CCaOs = 100+6 

Calcium sulphate ScaO, = 136+8 

Gypsum SCa0,°2(H20) =172+12 
Apatite = 908-50. 18°16 


* In the writer's essay on A Natural System in Mineralogy (Mineral Physi- 
ology and Physiography, 279-401), the values of p and v have been thus deter- 
mined. These silicates are there represented by a new notation, which employs 
symbols in small letters to represent quantivalent ratios; the combining weights 
of the elements being divided by their valency, and in all cases followed by their 
coefficients. The formula of forsterite thus becomes (mg;Ssi;)o2, that of ortho- 
clase and that of topaz 
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§ 19. Such fractional units are convenient for the purpose of 
comparing the varying condensation in sjecies belonging to the 
respective groups, but it will be borne in mind that in order to 
construct formulas which shall represent the true equivalent 
weights of liquid and solid species, we must multiply instead of 
divide the formulas hitherto accepted as representing the nor- 
mal species. The combining weight of these must be the unit 
for fixing the equivalent weights and the true formulas of such 
liquid and solid species; which are generated by integration or 
polymerization from the normal species. This, though known to 
us in the volatile elements, and in compounds like carbon dioxyd, 
water-vapor, formic and acetic aldehydes and pentine, is un- 
known in the case of bodies like carbon, silicon, silicon dioxyd, 
and most of the solid oxyds; as also in the various silicates, 
carbonates, sulphates and phosphates. For all these we choose, 
as representing the normal species, the simplest formula which 
satisfies the relations of valency, and which corresponds to the 
theoretical gaseous or volatile species. 

The writer has sought in the preceding pages to illustrate 
and set forth in detail several points which were more briefly 
noticed in his lately published volume entitled “A New Basis 
for Chemistry,” to which this paper may be considered as a 
supplement. 


Art. X V.— Verification of Tornado Predictions ; by H. ALLEN 
HAZEN.* 


In taking up the study of the verification of tornado predic- 
tions, we must carry in mind the exact words of the prediction 
which are: ‘Conditions are favorable for the development of 
tornadoes in region... .” Itis generally understood that in 
these predictions the country east of the 102° meridian is 
divided into eighteen districts, and tornadoes are predicted for 
in each of these. For the present study the predictions for the 
month of June, 1885, are to be discussed. One scheme of veri- 
fication that has been suggested is that of Prof. Gilbert, of 
the Geological Survey, published in American Meteorological 
Journal for September, 1884. Prof. Gilbert divides the pre- 
dictions and occurrences into three general classes. 1. Suc- 

* In the number of the American Meteorological Journal for July, 1884, Mr. Fin- 
ley published a statement as to success in tornado prediction claiming over 97 per 
cent. This statement aroused quite a lively discussion in Science and other jour- 
nals, notably one by Prof. Gilbert, in which he credited Mr. Finley with 23 per 
cent. In October, 1885, several persons were desired by Mr. Finley to take up 
the discussion, and the following paper is now presented as written then, it hav- 
ing been found impossible to publish it before this, through circumstances beyond 
the writer's control.— Washington, D. C., July 4, 1887. 
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cessful predictions. .2. Unsuccessful. ones. 38. Failures to 
predict. In other words, every district in which a tornado 
occurred as predicted counted as one in favor of the predictor 
in the final summing up, and each district which did not have 
a tornado as predicted for, together with each district in which 
a tornado occurred which was not predicted, counted as one 
against the predictor. Taking the predictions of tornadoes for 
the month of June, 1885, and summing the three classes in the 
table, we find 8 successful; 82 unsuccessful; and 13 failures 
to predict: total, 53. This (according to Prof. Gilbert) gives a 
verification of 15 per cent for the predictions as made. It 
seems as though this method of verification is open to most 
serious objections, some of which may be enumerated as 
follows : 

1. The verification depends on the occurrence of a tornado 
anywhere within an imaginary line and does not make any al- 
lowance for the nearness to that line, e. g., if a tornado should 
occur just at the edge or within five miles of the district for 
which it was predicted, it would count as two against the pre- 
dictor, or if we should simply verify for that single prediction 
we would find a difference of 100 per cent. in the verification 
in going five miles, just across the imaginary line from one dis- 
trict into another. As an illustration of this, we may takea 
prediction of rain for the central of three contiguous districts, and 
as a system of verification we may adopt the principle that the 
occurrence of rain in any district where it was predicted shall be 
a@ success, and its occurrence in a district not predicted for shall 
count as a failure. In the case before us, let rain be predicted 
for the central district, and let it fall almost over the whole of 
it but lap a little on the districts to the right and left. Accord- 
ing to the principles adopted, we would have one successful 
prediction and two failures and a verification of 33 per cent, 
while it must be admitted that any rational system of verifica- 
tion would allow a success of at least 90 per cent for such a 
prediction. 

2.“ We cannot assume that all the tornadoes have been heard 
from in each district. 

3. It is extremely difficult to distinguish between tornadoes 
and destructive storms, as one may merge into the other. 

4. If there be any law in the occurrence of tornadoes, we 
would certainly expect that they will have a tendency to 
greater frequency in certain portions of an atmospheric disturb- 
ance, and if they occur outside of those portions that they will 
be more or less sporadic. The above system, however, regards 
all tornadoes precisely alike and gives no more weight to the 
occurrence of five in a district predicted for, than to the occur- 

rence of one, perhaps of half the intensity of each of the other 
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five, which has occurred in a district not predicted for. We 
certainly cannot regard the occurrence of a tornado of so defi- 
nite a nature, as, for example, a rifle-ball from a marksman’s 
rifle, and we ought not to apply a method of verification which 
would be perfectly proper in the case of rifle-balls and a target 
to one utterly dissimilar. 

5. No account is taken of the fact that the law of occurrence 
of tornadoes is very different in one portion of the country from 
that in another; for example, conditions which would almost 
invariably produce a tornado in the Mississippi valley would 
not be at all efficient in the region east of the Allegheny Moun- 
tains or in Texas. 

6. It is entirely unsatisfactory to group together districts 
where only one tornado occurs in a year with those where 
thirty or more occur each year. This may be better seen by a 
slight exaggeration. Suppose we have a district where only 
one tornado occurs in ten years, it is very plain that a very 
good knowledge of the laws of tornado occurrence would be of 
little avail in predicting for such a region, and the chances of 
getting even one per cent. would be exceeding small, while if 
there were a region having 100 tornadoes in a single year, the 
chances of getting 50 per cent would be much better than of 
getting 1 per cent in the previous case. 

In seeking for a satisfactory system of verification it should 
be distinctly borne in mind that the character of the occur- 
rence is very indefinite and that we cannot apply rivid mathe- 
matical analysis to the questions, but must seek for a rational 
system which will best treat the prediction as worded and an 
occurrence so indefinite. 

In seeking such a system I have carefully studied the occur- 
rence of tornadoes and destructive storms, and have found the 
following comprise all the districts having more than thirty 
storms each : (No. 5) 35, (6) 35, (7) 35, (8) 30, (9) 35, (11) 35, 
(12) 35, (18) 60, (14) 40, (15) 82. Of these districts there are 3 
in which the occurrence of tornadoes can hardly be said to be 
under precisely the same laws as in the rest; these are 5, 8 and 
12. It has seemed wise to include in the discussion, though 
with less weight, hurricanes and destructive storms, As a 
working hypothesis, I have assumed that tornadoes occurring 
in a district half way between the center and edge shall have 
weight 1; in the rest of the district #; to the center of the dis- 
trict next outside $; to the outside of that}; all outside of 
these 0. A study of the predictions and occurrences has 
developed an approximate result as in the last column of the 
table herewith and a percentage of verification of 49. 


Am. Jour. Sco1.—Tutrp Series, VoL. XXXIV, No. 200.—Aveust, 1887. 
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TABLE. 


Prediction, occurrence, and non-occurrence of tornadoes by Mr. Finley, 
for June, 18865. 


DISTRICTS. Success, 
Success- Unsuc- 
Predicted for. Occurred in. ful. cessful. Failures. By weight. 


15 13 2 1 1, 3,4 
15, 13 2 


be St to — 


bo 


bt po 


14, 
14, 
12, 
18, 


8 32 13 
By weights. Total, 31 cases, 15} success. Verification, 49 per cent. 


A better knowledge of the degree of destructiveness of the 
storms would give much more rigid results. I have also refrained 
from giving the occurrence of a large number in any district as 
much weight as they should have; this would have given a 
slightly higher percentage of success. 

There is also another important question that I have not 
touched upon, it is this: The occurrence of tornadoes in any 
districts must necessarily be connected with their non-occur- 
rence, i. e., given a large number of districts in which tornadoes 
are possible, if one had a perfect knowledge of the laws gov- 
erning the occurrence of tornadoes he would be forced to state 
or infer that in certain portions of these districts they would 
not occur, where to the uninitiated there would be an equal 

robability of occurrence or non-occurrence. Now, since it is 
difficult to decide what the probability of occurrence is, it would 
be well nigh impossible to assign a proper weight to a given 
occurrence, but one thing would certainly seem eminently just 
and that is that if in any district contiguous to one in which a 
tornado is predicted, the occurrence of a tornado not predicted 
receives full weight against a predictor, then the non-occurrence 
of one in a neighboring district not predicted for should have 
equal or nearly equal weight in favor of the predictor. It will 
be seen that if an allowance of the above nature be admitted 
the 49 per cent already found will be somewhat increased. 


Day. 
| 2 9, 
3 13, 
4 9, 
5 2.4 16 l 
6 15, 16, 38, 17, 12 0 
8, 9, 12, 13 15, 8 l 3,4 
‘ 8 5, 6, 4, 4, 12 0, 0, 0 
9 12, 11 0 ‘ 
12 13, 14, 15, 16 18, 16, 15 2 l 4, 4, | 
} 13 15, 16 | 4 
14 13, 9 15 16, 15 | l 1, 4,4 
15 15, 17 44 
19 14 ] 0 
20 13, 16 13 l l 
21 8, 2 13, 8 l 2 0, 0, 4 
i 22 ] 2 2 
4 27 16 15 2 4 
0, 4, £1 
f 
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It may be objected, however, that the probability of any 
tornado occurring at all is so small, that the probability that 
one will occur in any one of the districts not predicted for is 
entirely overborne by the former,consideration. This objection, 
however, is only plausible. If we should take the occurrence 
of a tornado on any single day of ‘a year as a criterion, it must 
be admitted that the probability of such occurrence is very 
slight, but in the case before us we are not considering the 
occurrence of a tornado on any one of 365 days but rather on 
any one of, say, 50 special days when they are very likely to 
occur. It is easy to see that in this case the probability that a 
tornado will occur in any one of a large number of districts, on 
any one of a small number of special days, exceedingly favor- 
able for its development, is vastly greater than the general 
haphazard guess that one will occur on any day of the year and 
especially on an unfavorable day. It seems as though this 
important principle has been overlooked in the general discus- 
sions of this question. 

It seems probable that the division of the country into dis- 
tricts, in each of which predictions are to be made, is hardly wise. 
The whole subject is sti]l on the border-line of uncertainty and 
indefiniteness. Possibly it would be more satisfactory to pre- 
dict, in a region where at least 25 or 80 destructive storms and 
tornadoes occur each year, a central point or locus of destruc- 
tive storms, giving boundaries, more or less definite, to the 
limit of destruction, and in verifying to give weights to storms 
occurring at distances of 50, 100, etc., miles from that locus. 
It is also essential that we pay the closest attention not to the 
probability uf a tornado occurring on any day in general, but 
rather to the probability of its occurring on any one of a few 
special days when the general meteorological conditions and 
our knowledge of the laws of such storms (for example, their 
occurring in the southeast quadrant of a low area), would lead 
us to infer that they are extremely likely to occur. 

Dec. 4, 1885. 


Art. XVI.—Studies in the Mica Group; by F. W. CLarKeE. 


I. Muscovite from Alexander County, N. C. 


THIS mica occurs in overlapping, crystalline plates, implanted 
edgewise in pockets at the well-known locality for emerald and 
hiddenite at Stony Point. The plates are several centimeters 
in diameter, with sharply defined crystalline boundaries; and 
in the specimens before me they are associated with crystallized 
dolomite, pyrite, and rutile. All of these minerals are more or 
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less dusted over with a dark-green chloritic coating, which 
together with some ferruginous staining, gives the mica a some- 
what bronzy appearance. An analysis made upon carefully 
purified material gave the following results: 


This, except for the presence of titanium, is the composition 
of an ordinary muscovite. Possibly the titanium may be due 
to minute inclusions of rutile, but none such were detected. It 
is more probably present as a-replacement either of silica or of 
alumina. 

One of the smaller plates of this mica was examined micro- 
scopically by Mr. J. 8. Diller, who has kindly furnished the 
subjoined notes: 

“The group of muscovite scales shows well-defined crystal- 
lographic outlines, most prominent among which are the clino- 
pinacoid and the unit prism, although a small clinodiagonal 
prism is also common. Parallel with the latter there are in- 
distinct cleavage lines, which in the basal plane make an angle 
of 31° with the edge between the basal p!ane and the clino- 
pinacoid. The angle of the optic axes, measured in oil ina 
plane perpendicular to the plane of symmetry, is 35°. 

“‘ The muscovite is partially coated by a greenish dust, which 
in its arrangement follows crystallographic lines, giving to the 
scales a streaked appearance. It appears most abundantly upon 
the prismatic edges, but to a considerable extent also upon the 
clinopinacoid, and in traces on theclinodiagonal. Thin lamine 
occur between the folise of the muscovite, to which it imparts 
a yellowish tinge in reflected light. It appears to be weakly 
doubly refracting, but its structureless character and want of 
definite optical properties render its determination a matter of 

’ 


difficulty. 
With some trouble [ collected a little of this chloritic dust 


45°40 
2°36 
Li.O.. _. trace : 
Na.O.. 
69 
100°27 
99°98 


FW. Clarke—Studies in the Mica Group. 133 


0°3165 gram in all, and made a partial analysis of it as fol- 
lows: 
Ignition 
8°06 
35°86=32°28 FeO. 


The iron is undoubtedly present chiefly, but not wholly in 
the ferrous state; and the alumina is ascribable to traces of 
admixed mica. Still, with all its defects, the analysis clearly 
defines the mineral as a member of the obscure hisingerite 
group, which has rarely been noted in this country. Its 
association with pyrite is similar to some of its occurrences 
abroad, and here, as observed elsewhere, it may originate 
in the alteration of that species. I hope to give it a fuller 
examination sometime, with a larger supply of material. For 
the specimens so far studied I am indebted to the kindness 
of Mr. Wm. Ear] Hidden. 


2. Lepidomelane from Baltimore, Md., and Litchfield, Maine. 

Baltimore Lepidomelane.— This mineral, the characteristic 
black mica of the Jones Falls pegmatite, was sent me for analy- 
sis by Dr. G. H. Williams of the Johns Hopkins University. 
The specimen submitted was in broad, brilliant foliations, 
black by reflected, but dark smoky green by transmitted light. 
According to Dr. Williams it is very nearly uniaxial. In the 
following analysis (I.) the direct estimation of water and the 
determination of ferrous iron were made by Mr. R. B. Riggs. 

Reckoning the water with the alkalies, the analysis gives ap- 
proximately the formula R’,R”’,R’’Si,O,,. It is, therefore, 
slightly too basic for an ordinary orthosilicate, and it seems to 
" occupy an intermediate position, as do its ratios, between annite 
and the Litchfield lepidomelane. 

I. Baltimore. Litchfield. 


100°83 Fluorine none. 


| 
161°01 
4°67 
32°35 
17°47 
.......... 468 24-22 
13°11 
1°02 
none 
6°40 
none 
100°29 
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Lntchfield Lepidomelane.—In a previous paper upon the min- 
erals of Litchfield,* I gave an analysis of this mica, together 
with some data as to its occurrence. It is scattered abundantly 
through the elzolite syenite of the locality, in black, brilliant 
plates or scales, which are transparent only in very thin lamine, 
and then transmit light of a dark green color. It is one of the 
least transparent micas I have ever seen. According to Mr. 
Diller, who kindly made a microscopic examination of the 
mineral, it is so nearly uniaxial that a measurement of its optic- 
axial angle is impracticable. Some specimens show evidence 
of two micas; one being blacker and more brittle than the 
other; so that a new analysis was made upon very carefully 
selected material. Only the more transparent and elastic foliz 
were chosen, and the results are given on the preceding page (II). 

The ferrous iron and water determinations were made by Mr. 
Riggs. Titanium was carefully sought for, by two methods, in 
three separate tests; but only a doubtful trace was discovered. 
The formula of the mica, reckoning water with the alkalies, is 
very nearly R’,R”,R’” Si,0,,. 

This mica, on account of its low percentage of silica and its 
basic nature, has peculiar interest. Among published analyses 
of micas I find only two which approach it in these particulars, 
namely, the micas from Brevig and Miask described by Ram- 
melsberg.+ ‘T'hese gave respectively 32°97 and 32°49 per cent 
of silica, but they also contained, the first 2°42 and the second 
4°03 of titanic oxide. This constituent, as has been stated, is 
lacking in the Litchfield mineral. Notably all three of these 
low-silica micas are from localities of elzolite syenite; although 
Rammelsberg says nothing of the actual associations of the 
specimens discussed by him. The question at once arises, to 
be settled by future investigation, whether micas of this peculiar 
character are representative of elewolitic rocks, and whether 
there is any genetic relation between them and eleolite. I 
hope that observations upon this point may soon be multiplied. 

Some months ago I published some analyses of the Roekport 
micas, which were made by Mr. Riggs in this laboratory. t 
One of these, the so-called annite, seems to have a serial rela- 
tion with the analogous micas from Baltimore and Litchfield, 
which may be expressed in formulae. These, stated in em- 
pirical form, are as follows : 


Rockport R’,R” 


Baltimore SiO, 
Litchfield 


Here we have R’ and silicon constant, while a gain of R’’’,0, 


24 


* This Journal, April, 1886. + Zeitschr. Geol, Gesell., xxxi, 676. 
¢ This Journal for Nov. 1886. 
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corresponds in each step to a loss of one atom of R”. If now 
we assume that R’”’,O, represents really two of the recognized 
univalent groups —Al=O, we shall find that all three of the 
micas reduce to the true orthosilicate type, containing the 
nucleus R’’’,(SiO,),, which appears to be characteristic of many 
iron micas and of the phlogopite group. We thus have, unit- 
ing all the monoxide bases, the following general formule : 
Rockport 
Baltimore........ 
Litchfield 


In short, the three micas are built upon the same fundamental 
plan, and exhibit a new and highly suggestive order of varia- 
tion. 

3. Iron-Biotite from Auburn, Maine. 

Among the minerals occurring at the well-known lepidolite 
locality at Auburn, a brilliant black biotite is common. Some 
time since, in looking over a collection of the Auburn material 
in the possession of Mr. N. H. Perry, of South Paris, I observed 
that certain broad foliz of this mica were bordered by a 
grayish, distinct margin, about five millimeters wide, which was 
made up of micaceous scales. Inasmuch as the lepidolite of 
the locality forms similar borders upon the muscovite, I thought 
that this bordering might have interest, and Mr. Perry kindly 
placed his best specimen at my disposal. Analyses of both the 
biotite and the margin were made, but unfortunately the amount 
of the latter available was too small for complete investigation. 
In the study of the border, therefore, ferrous iron and water 
had to be neglected, and that analysisis so farincomplete. The 
results are given below, with determinations of water and 
ferrous iron in the biotite, made by Mr. Riggs: 

Biotite. Margin. 
undet. 
56°44 
16°01 


undet. 
‘97 
none 
1:92 
6°15 3 

100°29 

Less oxygen......- ‘12 
100°1L7 
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Upon microscopic examination by Mr. Diller, the mica was 
found to be “almost completely uniaxial, for when it was 
rotated between crossed nicols the displacement of the black 
cross was scarcely perceptible.” He also found that the same 
mica, with a slight change of color from brown to greenish 
brown, continued into the border; where it was intimately 
mingled with grains and fibers of quartz. The latter admixture 
accounts in part for the high percentage of silver in the margin ; 
although it seems probable that there may be also some 
degradation from the original orthosilicate toward a metasili- 
cate type. Atall events the specimens arein nowise analogous 
to those which show lepidolite borders upon muscovite. 

In its ratiosthis Auburn mica is not simple. Approximately, 
reducing all monoxides to the univalent type, its formula may 
be written with R’,,=H,K,Fe,,. It seems 
to be a compound intermediate between the Litchfield and 
Baltimore micas, with R’” nearly all aluminum. 


4, Iron-Mica from near Pike's Peak. 


This specimen, which was kindly given me by Mr. C.S. 
Bement, was a section from a large prismatic crystal in his col- 
lection. It was a bronzy black mica, resembling phlogopite 
externally, but remarkably altered at the center. The entire 
core of the crystal was made up of a soft, rotten material, evi- 
dently derived from the original mica, and surrounded by a 
broad, black margin of the latter. Streaks of rusty alteration 
products reached into the margin in every direction, so that no 
absolutely unchanged material could be obtained for analysis. 
According to Mr. Diller, the angle of the optic axes is too 
small for measurement. 

Analyses were made of both margin and center, the former 
being as little altered, the latter as much altered as could be 
selected. 

Again I am indebted to Mr. Riggs for determinations of water 
and ferrous iron: 


Margin. Center. 
4°54 Ignition 7°82 
34°21 34°63 
16°53 17°95 
ae 20°15 31°25 
14°17 3°01 
91 "34 
"48 ‘81 
1°43 "89 


6°50 1°96 
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100°34 100°28 
| 03 23 
100°31 100°05 


These figures show the order of alteration so well that com- 
ment upon them is unnecessary. ‘The original mica probably 
was very near Lewis’s siderophyllite, but it is hardly worth 
while to discuss the ratios. 

Laboratory U. S. Geological Survey, Washington, May 2, 1887. 
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Art. XVII.—On the ‘Serpentine (Peridotite) occurring in the 
Onondaga Salt-group at Syracuse, N. Y.; by Grorce H. 
WILLIAMS. 


(Paper read before the National Academy at Washington, April 20, 1887.) 


AxsottT the year 1837 there was discovered on the side of the 
hill just east of what was then the town of Syracuse, N. Y., a 
narrow and apparently horizontal bed of a dark colored rock, 
which presented a striking contrast to the lighter colored shales 
and porous limestones both above and below it. The late 
Professor Oren Root of Hamilton College, was at that time the 
principal of the Syracuse academy, and the unusual, massive 
rock interested him so much that he used often to take his 
students with him to the locality to collect specimens. He 
readily recognized the rock as a typical serpentine and first 
brought ‘it to the attention of Professor Vanuxem, who was 
a engaged upon the geological survey of this part of the 

tate. 

The exact locality where this serpentine appeared is now 
occupied by the lawn of Mr. Howard G. White. The band 
extended from what is now the center of James street, nearly 
across the lawn to where the house stands. It was for the most 

art a disintegrated, dark-green, earthy mass, through which 
arge nodular blocks of the less altered rock were scattered.* 

Vanuxem described this serpentine in his Third Annual 
Report in 1839, and in his final volume on the Geology of the 
Third District of New York in 1842. Dr. Lewis Beck also 
mentions it in his report on the Mineralogy of New York in 

* For these and some other details the writer is indebted to the kindness of 
Mr. J. Forman Wilkinson, of Syracuse, who was one of Professor Root’s pupils in 
the old academy. A large portion of his letter on the subject has been published 


in ‘‘ Science ” for March }1th, 1887. The localities given by Vanuxem and Beck 
are both different, but neither of them are so accurate as that above mentioned. 
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1842. The geological position of the serpentine, as defined by 
Vanuxem, has been so well summarized by Dr. T. Sterry Hunt 
in his recently published volume of essays,* that no further 
account of it need here be given, but Vanuxem’s descriptions 
of the rocks themselves are so true that I cannot forbear quot- 
ingsomeof them. In asupplement to his Third Annual Report 
of 1839 he says: “The green and trap-like rocks observed near 
the top of the hill to the east of Syracuse have been examined 
so far as time would admit. They are all serpentines, more or 
less impure, and of various shades of bottle-green, black, gray, 

Some havea peculiar appearance, like bronze, owing 
to small gold-like particles. with a lamellar stgucture, resem- 
bling bronzite or metalloidal diallage; also other particles, 
highly translucent, like precious serpentine, with frequently 
small nuclei, resembling devitrifications or porcellanites, colored 
white, yellow, blood-red, variegated, etc.’ In his final report 
(p. 109) he mentions the occurrence of both black and white 
mica and “accretions resembling granite.” In one case horn- 
blende replaced the mica producing an apparent ‘“ syenite.” 
He also speaks of “ calcareous accretions enveloped in the ser- 
pentine.” 

In 1858 Dr. T. Sterry Hunt published an analysis of a speci- 
men of the Syracuse serpentine which he had obtained from 
Professor James Hall, of Albany.t This contained 34°77 per 
cent carbonate of lime, 2°73 per cent carbonate of magnesia and 
62°5 per cent serpentine. This latter was found to have the 
following composition : 


No traces of nickel or chrome were detected. 

The Syracuse serpentine was also mentioned by the Hon. 
Geo. Geddes in his Report on the Agricultural Industry of 
Onondaga County,t and Prof. James D. Dana, in his Manual 
of Geology.§ It has recently acquired an additional interest 
on account of the argument for the origin of serpentine by 
chemical precipitation based upon it by Dr. Hunt.| Vanuxem 


* Mineral Physiology and Physiography, 1886, pp. 443-447. 
ten Journal, II, xxvi, p. 237, Sept. 1858. 
Transactions of the N. Y. State Agricultural Society for 1859. 
Third Edition, 1880, p. 233. 
“The Geological History of Serpentines.” Transactions of the Royal Society 
of Canada, vol. i, p. 174, 1883, and Mineral Physiology and Physiography, 1886, 
p. 443. 
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says of the Syracuse serpentine, (Final Report, p. 110): “The 
great interest of all these metamorphic products is that they 
have not been caused by a dry heat or fire, no evidence of the 
kind existing; nor is any needed to effect the change there 
observed, though it can and has and does produce the same 
result. All that is required is the presence of the elements of 
the products observed at Syracuse and in a state admitting of 
solution and of moisture, to which every degree of heat added 
would greatly aid their mutual action upon each other; and 
from solution crystallization would take piace, and thus meta- 
morphic products or rocks would be formed, no igneous action, 
commonly so called, being requisite, but a thermal one only.” 
Dr. Hunt also says after discussing this occurrence (I. ¢., § 34, 
pp. 447 and 448): ‘From a study of the facts before us, it is 
apparent that we have here evidence of the formation by 
aqueous deposition of a hed of concretionary silicate of mag- 
nesia, taking the form of serpentine, with a little associated 
bastite or bronzite, and probably ‘some other crystalline sili- 
cates.” 

It is therefore plain that the main point of interest connected 
with this now inaccessible occurrence of a typical serpentine 
relates to its mode of origin. 

Through the liberality of Professor Albert H. Chester of 
Hamilton College, the original collections of the Syracuse rock, 
made by Professor Root while he was principal of the Syracuse 
Academy, have been placed in the writer’s hands for study. 
This abundant and representative material, from which, how- 
ever, the micaceous (granitic) and hornblendic (syenitic) accre- 
tions mentioned by Prof. Vanuxem are unfortunately absent, 
has been subjected to a thorough microscopical examination 
and it is the aim of the present paper to show that all 
the facts heretofore observed and stated by former investiga- 
tors are perfectly in accord with the igneous origin of this rock; 
while certain other facts, here mentioned for the first time, 
place it almost beyond doubt that the serpentine was, in its 
original state, an intrusive mass, and not an aqueous deposit. 

A macroscopical examination shows that the serpentine itself 
is represented by two quite distinct types. One of these is a 
very dark-green, almost black, rock, filled with minute glisten- 
ing specks. which the lens at once reveals as mica. Occasional 
larger plates of a brass-yellow color are also seen (4 X 6 mm.), 
and a more careful search discovers a few smal] masses of a 
— green, more compact serpentine with a sharp crystal- 

orm. 

The second type has a lighter color than the last. Itis com- 
posed of a dense compact base which incloses numerous lighter 
spots with a sharp crystal outline, thus producing a decidedly 
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porphyritic structure. The irregular blood-red patches spoken 
of by Vanuxem are scattered through this rock. The porphy- 
ritic crystals here mentioned produce what Dr. Hunt has called 
the “concretionary structure” of the serpentine. 

Under the microscope the rock of the jirst type appears as a 
medium-grained aggregate of brown mica, octahedral crystals of 
both a yellow transparent, and of an opaque black mineral, green 
or colorless serpentine and carbonates. Occasional larger crys- 
tal-forms are scattered through this matrix. It is remarkable 
that, in spite of nearly all the substance of this rock being 
secondary, the original structure is almost perfectly preserved. 
Sharply defined crystal-forms show by their shape that they 
must have once been olivine or enstatite, although none of the 
original substance now remains except rarely in the case of 
enstatite. The mica is that peculiar brown biotite which is 
well known to be characteristic of the eruptive peridotites.* 
It is without crvstal-form, and often shows a peripheral zone of 
a lighter color due to bleaching. The minute octahedral crys- 
tals mentioned above are from ‘05 to ‘005mm. in diameter. 
The opaque black ones are for the most part chromite, although 
some of them may be magnetite, as the magnet shows that there 
is a little of this substance in the rock. If the serpentine 
powder be treated with hydrofluoric or with concentrated sul- 
phuric acid, everything is dissolved except these small black 
octahedrons, which give a strong chromium reaction in both 
the phosphorous and borax beads. There is therefore little 
doubt that they are mostly chromite. 

The little transparent yellow crystals entirely disappeared 
when the rock was treated with either of the above mentioned 
acids, and the solution in each case gave a strong titanium 
reaction with H,O,. This, together with the fact that they 
showed an isotropic character when examined in polarized 
light, suggested the possibility of their being perofskite, and such 
upon further investigation proved to be the case. In spite of 
the frequently repeated assertion in mineralogies that perofskite 
is not attacked by acids, it is well-known that it is dissolved by 
concentrated sulphuric acid, as stated by Danat and Rosen- 
busch.t That it must also be attacked by hydrofluoric acid is 
shown by the fact that both Baumhauer§ and Ben Saude| 
used this. reagent in a dilute form to produce etched figures on 
the planes of perofskite crystals. Stelznet{ also found that it was 
impossible to isolate the minute octahedrons of perofskite from 

* Vid. Rosenbusch: Die massigen Gesteine, 2d ed., 1886, p. 259. 

+ System of Mineralogy, 5th ed., p. 146. 

Die petrographisch wichtigen Mineralien, 2d ed., p. 295. 

feito fur Krystallographie, Bd. iv, p. 187, 1880. 


Ueber den Perowskit, Gottingen, 1882, p. 22. 
4 Neues Jahrbuch fiir Mineralogie, etc.,II Beilage Bd., p. 392. 
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the melilite basalt of Hochbohl by hydrofluoric acid. The 


method proposed by this latter investigator was therefore made 
use of in the present case with complete success. The finely 
powdered rock was digested for a long time in concentrated 
hydrochloric acid under pressure, and all the components dis- 
solved except the octahedral crystals and the mica. These 
were separated by washing until finally a powder was secured 
which the microscope showed was composed of the black and 
yellow crystals in about equal proportions along with a small 
amount of the brown magnesia mica. This powder, which was 
found to weigh ‘0442 gr., was then treated with strong sul- 
phuric acid, in which ‘0277 gr., of the chromite remained un- 
dissolved. A quantitative analysis of the filtrate, containing 
only ‘0165 gr., was kindly made for me by Mr. J. H. Kastle, 
of the chemical laboratory of the University with the following 
result: 


This analysis can only be regarded as an approximation on 
account of the extremely small amount of material at com- 
mand. Mr. Kastle says that the iron is undoubtedly too high. 
What of this substance is present is partly contained in the 
perofskite, isomorphous with CaQ; partly derived from the 
mica which is dissolved by sulphuric acid. The above pro- 
portion of CaO puts the nature of the mineral as _perofskite 
beyond a doubt, as no other mineral is present which contains 
a trace of lime. Moreover any other titanium mineral, as for 
instance anatase,* would not have been completely dissolved 
by sulphuric and hydrofluoric acids. 

Perofskite was first recognized as a rock constituent in 1876 
by Boricky+ in the nepheline basalt of Wartenberg in Bohe- 
mia. In 1878, Hussakt discovered it in the basalt lava of 
Scharteberg in the Hifel, and in 1883, it was isolated and 
analyzed from the melilite basalt of Hochbohl by Stelzner.§ 
In all of these cases the crystals were simple octahedrons, and 
Hussak describes them as doubly refracting, like most of the 
larger crystals of this species, Sauer] has recently described 
large crystals showing the cube and octahedron in the coarse 
veins of the nepheline-basalt from Wiesenthal in Saxony. 


* The suggestion was ventured in the preliminary description of the Syracuse 
serpentine, published in “Science” of March 11th, that these crystals might be 
anatase. 

+ Sitzungsber. d. bdhm. Ak. d. Wiss., 1876. 

t¢ Sitzungsber. d. Ak. der Wiss. in Wien., April, 1878. ™ 

§ Neues Jahrbuch fiir Mineralogie, etc., II Beilage Bd., p. 390. 

| Zeitschrift d. deutsch. geol. Gesellschaft, xxxviii, 1885, p. 441. 
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The occurrence of perofskite in the Syracuse serpentine is 
in all respects identical with that in the rocks described by 
Boricky, Hussak and Stelzner, specimens of which have been 
carefully examined for comparison. It is interesting as being 
the first instance on record of perofskite as a constituent of any 
American rock, and also as the first discovery of perofskite in 
a peridotite or serpentine from any locality. 

The porphyritic type of the Syracuse serpentine is essentially 
identical with that above described in all points except its 
structure. The groundmass is finer grained, which throws the 
characteristic crystal-forms of the olivine and enstatite into 
a sharp relief. The structure of this rock is represented 


in the accompanying figure. The octahedral crystals are much 
smaller than in the other rock and are confined wholly to the 

roundmass, The brown mica is here much less abundant. 

he porphyritic olivines especially are most representative 
examples of the well-known serpentine pseudomorphs, so often 
described and figured by Tschermak and others in eruptive 
rocks. They are sometimes stained deep red by iron oxide, 
which occasions the above mentioned blood-red spots. 

The persistence of structure in this rock, in spite of the pro- 
foundest chemical changes, is remarkable. In one porphyritic 
specimen the groundmass is almost all carbonate, the mica has 
become quite colorless, and the olivine crystals are changed to 
a perfectly isotropic, colorless substance, enclosing the sharpest 
possible rhombohedra of dolomite; in fact none of the original 
components remain except the chromite, and yet the structure 
is just as sharp and characteristic as in the specimen above 
figured. 
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The geological occurrence of the Syracuse serpentine can 
unfortunately no longer be studied, as the exposure has been 
inaccessible for over forty years; still some evidence of its 
character may be derived from the testimony of observers and 
from a study of specimens. Mr. Wilkinson, in his letter above 
alluded to, says that an opening made only 50 feet away, on the 
strike of this serpentine, passed entirely through gypsum. The 
deposit is described as a horizontal bed between layers of 
0 dolomite, but it may have been intruded in this form 

etween them as along the line of least resistance. 

It is particularly mentioned by Vanuxem that the Syracuse 
serpentine has nowhere modified the surrounding limestone in 
a manner that would indicate that it was once in a molten 
state. Now, as is well-known, among all the igneous rocks, 
peridotite is the particular one which is least liable to produce 
contact metamorphism in the adjoining beds. Rosenbusch, in 
his most recent work, omits all mention of this subject in con- 
nection with peridotite, although he lays much weight upon it 
in connection with all the other plutonic rocks. Nevertheless, 
Mr. Diller has lately shown that the eruptive peridotites of 
Elliott Co., Ky., have altered to a slight degree, the shales 
through which they break ; and I think that there is undoubted 
evidence that the Syracuse rock did the same. This alteration 
could not, however, be detected without the aid of the micro- 
scope. It is now impossible to examine the action of the mass 
as a whole, but certain specimens in my possession show plainly 
the effect of heat upon fragments of limestone which have been 
included in the serpentine mass. 

If the serpentine of Syracuse were eruptive we should natu- 
rally expect to find the more granular variety near the center, 
and the porphyritic variety near the edge of the mass. No 
notes relating to such a distribution exist on any of Prof. Root’s 
labels, but that such was the relative arrangement, is shown by 
inclusions of a very fine-grained, compact, gray limestone 
which are abundant in the porphyritic variety. Some speci- 
mens are mere limestone breccias with a serpentine cement.’ 
These inclusions are the “ calcareous accretions” * of Vanuxem ; 
and, though the line of contact between them and the serpen- 
tine is very sharp, they show an important modification consist- 
ing of the development in them of a greenish substance. This is 
most pronounced near the serpentine and fades away gradually 
as we go from it. The band is sometimes only a few milli- 
meters wide and often has a zonal structure. One polished 
specimen shows the line of contact with the adjacent limestone 
(probably not an inclusion) and in this there are irregular 


* His granitic and syenitic accretions may have been foreign inclusions brought 
up with the rock from far below the surface. 
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green bands running perpendicular to the line of contact across 
the entire surface. This green color is seen under the mi- 
croscope to be due to the secondary development of a 
green mineral in a very finely divided state, which, to judge 
from its color, extinction angle and pleochroism, is amphibole, 
although it possesses no crystal form. More rarely there is 
some brownish substance resembling mica, but not in a well 
characterized form. Both of these are common contact miner- 
erals in limestones and have here undoubtedly been secondarily 
developed by heat. 

The main points of evidence, therefore, that the serpentine 
at Syracuse was originally an igneous and intrusive rock, 
belonging to the family of peridotites, are as follows 

Ist. The structure of the rock, which is such as is only known 
to be produced by crystallization from a molten magma. 

2d. The existence of a more granular and a porphyritie mod- 
ification, as is so often the case in eruptive dykes. 

3d. The inclusion in the rock of fragments of the adjacent 
limestone and possibly of other rocks brought up from below. 

4th. The indication that these limestone fragments have been 
modified by the action of heat. 

5th. The fact, stated by Mr. Wilkinson, that 50 feet away 
from the exposure, on the strike of the rocks, only gypsum was 
encountered. 

This evidence has been developed at such length, because 
aside from its bearing upon Dr. Hunt’s theory of ‘the origin of 
serpentine, this rock is interesting as being the only known 
instance of an igneous intrusion in the unaltered and undis- 
turbed paleozoic strata of New York. 

In conclusion it is worth while to notice the extremely close 
resemblance between the Syracuse rock and the peridotites of 
Carboniferous age which Mr. J. S. Diller of the U. S. Geologi- 
cal Survey, has recently described from Elliott Co., Ky.* These 
rocks are intrusive through Carboniferous strata and hence 
must be of as late origin as these, although they may be con- 
siderably younger. They contain fragments of the adjoining 
shale, which they have metamorphosed in a manner similar to 
that in which the dolomite inclusions have been changed by the 
Syracuse peridotite. Fragments of syenite and granulite were 
also found analogous to those granitic and syenitic aggregates 
mentioned by Vanuxem. In structure the two rocks present the 
closest possible similarity. The size and form of the large por- 
phyritic olivine _— appear to be identical in both; the 
groundmass of both also has the same appearance, containing 

* “Science” for January 23, 1885, p. 65; this Journal, xxxii, p. 121, August 


1886, and Bulletin of the U. S. Geological Survey, No. 38, the proof-sheets of 
which were kindly placed at the writer’s disposal by Mr. Diller. 
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in each case, an abundance of opaque and transparent octahe- 
dral crystals. Nevertheless certain mineralogical differences 
are apparent. The pyrope with its alteration rim, described by 
Mr. Diller, is wanting in the Syracuse rock; ilmenite too, 
estimated to compose 2°2 per cent of the Kentucky peridotite, 
was not detected in the Syracuse occurrence. On the other 
hand, biotite and enstatite are much more important constituents 
in the latter than in the former. The little transparent crystals 
in the Kentucky peridotite are considered by Mr. Diller, as 
anatase (octahedrite) which has resulted from the alteration of 
the ilmenite. For reasons above stated, those in the Syracuse 
rock must, however, be regarded as perofskite, although their 
resemblance is so great as to suggest that they are the same 
mineral in both cases. 

Petrographical Laboratory of Johns Hopkins University, Baltimore, April, 1887. 


Art. XVITI.—WNote on the Genus Archeocyathus of Billings ; by 
CuarRLes D. WaALcorT. 


THE genus Archeocyathus was proposed by Mr. E. Billings, 
in a pamphlet entitled “Geological Survey of Canada: Sir W. 


KE. Logan, Director. ‘New Species of Lower Silurian Fossils ;’ 
by E. Billings, F.G.S., Paleontologist G.S.C. Montreal, 21st 
November, 1861.” 

A copy of this pamphlet was received by Professor Jules 
Marcou on December 15th, 1861. 

In a copy of the pamphlet now before me the genus is 
described on page 3, and the characters are largely drawn from 
A. Atlanticus, the first species following the generic description 
on page 4. The second species is A. Menganensis, a form 
referred to the genus, not used as its type, and it was not illus- 
trated. In 1865 Mr. Billings proposed the species Archeocya- 
thus profundus (Pal. Foss., vol. i, p. 4), and placed it after the 
description of the genus, without mentioning that the genus 
was founded on A. Atlanticus, and, on p. 355, he gives A. pro- 
fundus as the type, then A. Minganensis; and refers to A. 
Atlanticus as the third species of the genus. This has led 
the paleontologists, who have not seen the pamphlet of 1861, 
to consider A. profundus as the type of the genus Archeo- 
cyatbus. 

I found that A. Aidlanticus belonged to one genus and A. 
profundus to a different and distinct genus; and as Mr. F. B. 
Meek had proposed the genus Ethmophyllum for a species 
generically identical with A. profundus, I referred the latter 
species to Ethmophyllum, as the type of a genus cannot be 
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taken from a species described four years after the genus is 
proposed, especially as the original type belongs to a different 
genus from that of the species taken as the type at a later date. 
Mr. Billings, in his original comparison of A. Adlanticus and 
A. Minganensis, says: “It may be that these two species 
should be placed in different genera,” and repeats the remark 
in the reprint of 1865; but, in the latter, the name A. Mingan- 
ensis is replaced by A. profundus. 

In my remarks upon the genus Kthmophyllum (Bull. 30, U. 
S. Geol. Survey, p. 75), I called attention to the publication, in 
vol. ii of the Geology of Vermont, of the genus Arclreocyathus. 
At that time I was not aware of the fact of the prior publica- 
tion of the pamphlet by the Geological Survey of Canada, nor 
that the Geology of Vermont was issued in 1862 and not in 
1861—the date on the title-page. I am indebted to Professor 
Jules Marcou for calling my attention to the existence of the 
pamphlet of 1861 and to the date of the publication of the 
Geology of Vermont, as 1862. It is noted, in the Geology of 
Vermont, that the descriptions were taken from a pamphlet 
sent by Mr. Billings, but not being able to obtain any trace of 
the pamphlet, as a publication at the time, I referred the origi- 
nal description to the Geology of Vermont, vol. ii. 

I have written the above explanation, owing to having 
received a letter from a distinguished paleontologist, who ques- 
tioned the propriety of using the genus Ethmophyllum for the 
generic type, so well illustrated by Hihmophyllum Whitneyi and 
E. profundam. I did not feel warranted when describing the 
genus in Bull. 30, U. S. Geol. Survey, in proposing a new 
genus for Archeocyathus Atlanticus, or in placing Ethmophyllum 
as a synonym of Archeocyathus; and since reading the origi- 
nal pamphlet of Mr. Billings, I am disposed to adhere to the 
views which I[ then held on this subject. 


SCIENTIFIC INTELLIGENCE. 
I. PHysics AND CHEMISTRY. 


1. On the Cause of Iridescence in Clouds ; by G. JOHNSTONE 
Sroney.— When the sky is occupied by light cirro-cumulus cloud, 
an optical phenomenon of the most delicate beauty sometimes 
presents itself, in which the borders of the clouds and their lighter 
portions are suffused with soft shades of color like those of 
mother-of-pearl, among which lovely pinks and greens are the 
most conspicuous. Usually these colors are distributed in irreg- 
ular patches, just as in mother-of-pearl ; but occasionally they are 
seen to form round the denser patches of cloud a regular colored 
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fringe, in which the several tints are arranged in stripes following 
the sinuosities of the outline of the cloud. 

I cannot find in any of the books an explanation of this beauti- 
ful spectacle, all the more pleasing because it generally presents 
itself in delightful summer weather. It is not mentioned in the 
part of Moigno’s great Sépertoire d’ Optique which treats of 
meteorological optics, nor in any other work which I have con- 
sulted. It seems desirable, therefore, to make an attempt to 
search out what appears to be its explanation. 

At the elevation in our atmosphere at which these delicate 
clouds are formed the temperature is too low, even in midsummer, 
for water to exist in the liquid state; and, accordingly, the atten- 
uated vapor from which they were condensed passed at once 
into a solid form. They consist, in fact, of tiny crystals of ice, 
not of little drops of water. If the precipitation has been hasty, 
the crystals will, though all small, be of many sizes jumbled to- 
gether, and in that case the beautiful optical phenomenon with 
which we are now dealing wi!l not occur. But if the opposite 
conditions prevail (which they do on rare‘occasions), if the vapor 
had been evenly distributed, and if the precipitation took place 
slowly, then wil! the crystals in any one neighborhood be little 
ice-crystals of nearly the same form and size, and from one 
neighborhood to another they will differ chiefly in number and 
size, owing to the process having gone on longer or taken place 
somewhat faster, or through a greater depth, in some neighbor- 
hoods than others. This will give rise to the patched appearance 
of the clouds which prevails when this phenomenon presents itself. . 
It also causes the tiny crystals, of which the cloud consists, to 
grow larger in some places than others. 

Captain Scoresby, in his ‘Account of the Arctic Regions,’ 
gives the best description of snow-crystals formed at low tem- 

eratures with which I am acquainted. From his observations 

it appears—(a) that when formed at temperatures several degrees 
below the freezing-point, the crystals, whether simple or com- 
pound, are nearly all of symmetrical forms ; (4) that thin tabular 
crystals are extremely numerous, consisting either of simple 
transverse slices of the fundamental hexagon, or, more frequently, 
of aggregations of these attached edgewise and lying in one 
plane; and (c) that, according as atmospheric conditions vary, 
one form of crystal or another largely preponderates. A fuller 
account of these most significant observations is given in the 
Appendix to this paper. 

Let us then consider the crystals in any one neighborhood in 
the sky, where the conditions that prevail are such as to produce 
lamellar crystals of nearly the same thickness. The tabular 
plates are subsiding through the atmosphere—in fact falling 
towards the earth. And although their descent is very slow, 
owing to their minute size, the resistance of the air will act upon 
them as it does upon a falling feather; it will cause them, if dis- 
turbed, to oscillate before they settle into that horizontal position 


148 Scientific Intelligence. 


which flat plates finally assume when falling through quieseent 
air. We shall presently consider what the conditions must be, in 
order that the crystals may be liable to be now and then dis- 
turbed from the horizontal position. If this occasionally happens, 
the crystals will keep fluttering, and at any one moment some of 
them will be turned so as to reflect a ray from the sun to the eye 
of the observer from the flat surface of the crystal which is next 
him. Now, if the conditions are such as to produce crystals 
which are plates with parallel faces, and as they are also trans- 
parent, part only of the sun’s ray that reaches the front face of 
the crystal will be reflected from it : the rest will enter the crys- 
tal, and, falling on the parallel surface behind, a portion will be 
there reflected, and, passing out through the front face, will also 
reach the eye of the observer. These two portions of the ray— 
that reflected from the front face and that reflected from the back 
—are precisely in the condition in which they can interfere with 
one another, so as to produce the splendid colors with which we 
are familiar in scap-bubbles. If the crystals are of diverse thick- 
nesses the colors from the individual crystals will be different, 
and the mixture of them all will produce merely white light; but 
if all are nearly of the same thickness, they will transmit the 
same color toward the observer, who will accordingly see this 
color in the part of the cloud occupied by these crystals. The 
color, will, of course, not be undiluted; for other crystals will 
send forward white light, and this, blended with the colored 
light, will produce delicate shades in cases where the correspond- 
ing colors of a soap-bubble would be vivid. 

We have now only to explain how it happens that on very rare 
occasions the colors, instead of lying in irregular patches, form 
definite fringes round the borders of the cloudlets. The circum- 
stances that give rise to this special form of the phenomenon ap- 

ear to be the following :—While the cloud is in the process of 
growth (that is, so long as the precipitation of vapor into the 
crystalline state continues to take place) so long will the crystals 
keep augmenting. If, then, a cloudlet is in the process of forma 
tion, not only by the springing up of fresh crystals around, but 
also by the continued growth of the crystals within it, then will 
that patch of cloud consist of crystals which are largest in its 
central part, and gradually smaller as their situation approaches 
the outside. Here, then, are conditions which will produce one 
color round the margin of the cloud, and that color mixed 
with others, and so giving rise to other tints, farther in. In this 
way there comes into existence that iris-like border which is now 
and then seen. 

The occasional upsetting of the crystals, which is required to 
keep them fluttering, may be produced in any of three ways. 
The cloudlets may have been formed from the blending together’ 
of two layers of air saturated at different temperatures, and mov- 
ing with different velocities or in different directions. Where 
these currents intermix a certain amount of disturbance will pre- 
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vail, which, if sufficiently slight, would not much interfere with 
the regularity of the crystals, and might yet be sufficient to oc- 
casion little draughts, which would blow them about when formed. 
Or, if the colder layer is above, and if it is in a sufficient degree 
colder, there need not be any previous relative motion of the two 
layers; the inevitable convection-currents will suffice. Another, 
and probably the most frequent, cause for little breezes in the 
neighborhood of the cloudlets is, that when the cloudlets are 
formed they immediately absorb the heat of the sun in a way 
that the previously clear air had not done. If they absorb enough 
they will rise like feeble balloons, and slight return currents will 
travel downward round their margins, throwing all crystals in 
that situation into disorder. 

I do not include among the causes which may agitate the crys- 
tals another cause which must produce excessively slight currents 
of air, namely, that arising from the subsidence of the cloudlets 
owing to their weight. The crystals will fall faster where in cloud 
masses than in the intervening portions where the cloud is thinner. 
But the subsidence itself is so slow, that any relative motions to 
which differences in the rate of subsidence can give rise are prob- 
ably too feeble to produce an appreciable effect. Of course, in 
general, more than one of the above courses will concur; and it 
is the resultant of the effects which they would have separately 
produced that will be felt by the crystals. 

If the precipitation had taken place so very evenly over the sky 
that there were no cloudlets formed, but only one uniform veil of 
haze, then the currents which would flutter the crystals may be 
so entirely absent that the little plates of crystals can fixedly 
assume the horizontal position which is natural to them, In this 
event the cloud will exhibit no iridescence, but, but instead of it, 
a vertical circle through the sun will present itself. This on some 
rare occasions is a feature of the phenomenon of parhelia. 

It thus appéars that the occasional iridescence of cirrus clouds 
is satisfactorily accounted for by the concurrence of conditions, each 
of which is known to have a real existence in Nature. . . .— Phil. 
Mag., July, 1887. 

2. Note on some Experiments on the Viscosity of Ice; by J. F. 
Matn (Abstract).—The paper contains an account of some experi- 
ments on the continuous extension of bars of ice subjected to ten- 
sion, made during the last winter in the Engadine. To eliminate 
the influence of regelation, the experiments have been carried on 
at such low temperatures as to preclude the possibility of any effect 
being produced by this cause. The highest temperatures during 
the experiments were —2°6° C. in Experiment I; —1°0° C. in 
Experiment II; and —0°5° C. in Experiment III. These maxi- 
mum temperatures only obtained for a very short time on one or 
two days. 

The bars were tested in a compound level testing machine with 
accurate knife edges, the load being a known weight of shot. 
The whole apparatus was enclosed in a double wood box. A 
delicate thermometer graduated to tenths of degrees, attached 


150 Scientific Intelligence. 


inside the box, gave the temperature at any given time, and the 
range of variation of temperature was recorded by two maximum 
and minimum thermometers, fixed inside to the roof of the inner 
box. To obtain ice free from air, water was boiled and then 
frozen. It was then melted and again frozen ina mould. Some 
difficulty was found in holding the ice-bars in the testing machine. 
The mode which answered best was to freeze the ends of the ice 
bar into conical metal collars, which fitted the shackles of the 
machine. Extensions were measured by vernier callipers reading 
to one-fiftieth of a millimeter between marked points on the metal 
collars. To determine if any appreciable effect was due to dis- 
tortion of the enlarged ends of the bars in the metal collars, 
pieces of paper were guinmed on the ice, and the extensions also 
measured between fine pencil marks on these pieces of paper. It 
was found that nearly all the stretching observed in measuring 
between the metal collars was due to stretching of the bar of ice, 
and only a very small part to shearing action in the collars. In 
consequence of rapid evaporation from the surface of the ice bar, 
the stress with a fixed load on the lever increased from day to day. 

Three experiments are given on bars initially about 234mm. in 
length, loaded to stresses of from 4°3 to 2°0 kilos. per square cm., 
and lasting from four to nine days. 

The three experiments show that ice subjected to tension 
stretches continuously by amounts which depend on the tempera- 
ture and the tensile stress. When the stress is great and the 
temperature not very low, there are extensions amounting to one 
per cent. of the length per day. So continuous and definite is 
the extension, that it can even be measured from hour to hour. 
These extensions took place at temperatures which preclude the 
possibility of melting and regelation. 

The author hopes that on resuming the experiments next winter 
at St. Moritz, he may be able to determine more exactly the law 
of the extension. He has shown already that the extension in- 
creases continuously with all stresses above one kilo. per square 
cm., and at all temperatures between —6° C. and freezing. 
When ice is in a condition such that the point of a needle will 
cause a set of radiating fractures to pass from the point of con- 
tact in all directions, it stretches as certainly, though not by so 
great an amount, as when it will permit the passage thro ugh it 
of the same needle without showing flaw or scar. 

In the first experiment there was a total extension of 11 mm. 
in nine days; in the second of 1°8 mm. in five days; in the third 
of 17 mm. in three days. If we assume the extension propor- 
tional to the time, there was a mean daily extension of 1°2 mm., 
0°36 mm., and 0°56 mm. respectively. The stress in No. 1 was 
greater than in Nos. 2 and 3, and the temperature not so very 
low in the day, though low at night. In No. 3 there was a low 
stress, but comparativ ely high temperature.— Proc. Roy. Soc., 
xlii, 331. 

3. Steam Calorimeter.—A remarkable, simple and exact method 
of determining the specific heat of a solid has been perfected by 
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Bunsen. The process depends upon the condensation of steam 
upon the solid under examination, when the latter is immersed in 
steam. The difficulties of weighing the water of condensation have 
been completely obviated by suspending the substance in a small 
platinum basket, with fine meshes, in steam and weighing it without 
withdrawing it from the steam. "The i ingenious and simple ¢ appa- 
ratus by means of which this is accomplished is figured in the 
author’s paper. The simple formula, in which all the quantities 
can be determined with great exactness is as follows 
G,L= 6,.G,(t,—2) + ,G,(¢, —t). 

Where G,, is the weight of the condensed water, L the latent 
heat of the steam at temperature ¢,, G, the weight of the body, 
and ¢ its temperature, 6, its specific heat, G, the weight of the 
platinum basket, 6, its specific heat (by suitable modification 
of the formula, the specific heat of a liquid can also be obtained). 
—Ann. der Physik und Chemie, No. 5, 1887, pp. 1-14. 4.7. 

4. Electrical Resistance of Antimony and Cobalt in a Mag- 
netic field.—Dr. G. Fak experiments show that when antimony 
is brought into a magnetic field its electrical resistance increases 
both across and along the lines of magnetic force. Cobalt shows 
a diminution of resistance in a plane perpendicular to the line of 
force, and an increase in the direction parallel to them.—Phil. 
Mag. , June, 1887, p. 540. = 3 

5. Hgfect of Electricity on Dust—R. Naurworpv shows that 
electrical charges escaping from fine points electrify the particles 
of dust or vapor in the air and not the air itself; also that glow- 
ing platinum wires throw off patticles which make air a conductor 
(previously observed). The author believes that air and gases 
freed from dust can not be statically electrified. He also con- 
firms the statement that negative electrical charges escape from 
points more readily than positive ones.—Ann. der 
Chemie, pp. 448-473, No. 7, 1887. 

6. The Hall Effect. —A. Vow Errixcuavsen and W. Senne 
have lately examined the Hall effect in different metals. They 
discovered that the effect is far greater in tellurium than in bis- 
muth and they are led to think that the effect is connected with 
the thermo-electrical properties of the metals—the effect is least 
in tin: Taking the effect in tin as unity, the effect in the other 
metals examined are as follows: 

Platinum 
Copper 


Carbon 

Bismuth 252,500 
13,250,000 
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The sign of the effect is positive in cobalt, iron, steel, antimony, 
tellurium, lead, zinc, cadmium and negative in the other metals. 
—WNature, p. 185, June, 28, 1887. 
%. Practical Electricity; a Laboratory and Lecture Course for 
first year Students of Electrical Engineering, based on the practi- 
cal definitions of the Electrical Units. By W. E. Ayrron, 
F.R.S., etc. 16mo, pp. xvi, 516. London, 1887, Cassell & Com- 
pany.—This book is intended, as the preface states, for first year 
students in electrical technology at the City and Guilds of Lon- 
don Central Institution at South Kensington. In arranging the 
order of subjects, the author has followed what appears to him to 
be “the natural as distinguished from the scholastic method of 
studying electricity.” The first subject considered is current, 
then follows potential difference, and lastly resistance. The con- 
cluding chapters are devoted respectively to a discussion of 
Current generators, of Insulation, of Quantity and Capacity, of 
Commercial Ammeters and Voltmeters, and of Power and its 
measurement. The treatment of these subjects seems to be 
admirable. The book assumes only a moderate amount of pre- 
vious training, and hence states what the student should know in 
quite an elementary way, but clearly, concisely, and logically. 
In speaking of current, for example, it says: “In reality we are 
sure neither of the direction of flow of an electric current nor 
whether there is any motion of anything at all ;” and hence, “the 
statement that an electric current is flowing along a wire is only 
a short way of expressing the fact that the wire and the space 
around the wire are in a different state from that in which they 
are when no electric current is said to be flowing.” The use of 
the letters P. D., potential difference, in place of the old E. M. F. 
is an important step of progress, and one which therefore should 
be generally adopted. All the values given are based upon the 
units adopted by the Paris Electrical Congress of 1884, though 
as they have not yet been legalized in this country or Great 
Britain, it is not easy to see w hy they are called “ legal” units. 
The apparatus described is largely original and is well illustrated. 
A good feature which the author has adopted is to mount perma- 
nently on the same board the complete apparatus required for each 
experiment. Excellent examples by way of illustration are fre- 
quently introduced and the book closes with an appendix which 
considers Kirchhoff’s laws of divided circuits and which gives 
several specimens of the instructions given to the students for 
performing the experiments. Professor Ayrton is well known as 
an able and indefatigable worker in the field of electrical science, 
pure as well as applied, and we think that the book before us 
will add to his reputation as being for its clearness, scientific 
accuracy, originality, and admirable “method of arrangement the 
best book which has yet appeared on the subject of which it 
treats. G. F. B. 
8. On the Synthesis of Juglon.—Several years ago yellow needle- 
shaped crystals were observed on the outer coating of walnuts 
gathered towards the close of June. These were examined by 
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Vogel and Reischauer, who found the same substance in the ex- 
pressed juice, and gave to it the name nucine or juglon. BERNTH- 
son and Semper have now examined this substance and have 
proved it to be an «-hydroxy-e-naphthoquinone, C,,H,(O,)”OH. 
To complete the proof, these chemists have actually produced this 
natural product by synthesis from naphthalene. For this purpose 
they first prepared «,«,-dihydroxynaphthalene by Armstrong’s 
method, by allowing a solution of naphthalene in carbon disulphide 
to drop into double the quantity of sulphuryl hydroxy-chloride. 
The sodium naphthalene-disulphate thus obtained was converted 
into dihydroxynaphthalene by fusion with potassium hydrate. 
To produce the juglon, this substance was treated in the cold 
with a chromic acid mixture, After twenty-four hours the brown 
precipitate was filtered off, washed, dried and extracted with 
ether. The ether was distilled off, the residue dissolved in chlo- 
roform and crystallized. The well known brown-red needles of 
juglon were obtained, having the odor of nutshells and producing 
violent sneezing when the dust was inhaled. The synthetic and 
the natural product were identical.— Ber. Berl. Chem. Ges., xx, 
934, April, 1887. G. F. B. 
9. A new basis for Chemistry: a Chemical Philosophy; by 
Tuomas Sterry Hunt. 165 pp. 8vo. Boston, 1887 (S. E. 
Cassino).—This volume contains a connected summary of the 
author’s views on chemical philosophy. The material is drawn 


to a large extent from his earlier papers ranging from 1848 down 
to the present time, but is here presented in systematic shape in 
chapters dealing with the nature of the chemical process, the 
genesis of the chemical elements, etc. Most of the papers referred 
to were published in this Journal; an article on chemical inte- 
gration is given in this number. 


II. GEoLoGy AND MINERALOGY. 


1. Geology of Long Island.—Professor F. J. H. Merritt, in 
his paper on the Geology of Long Island (Ann. N. Y. Acad., 
iii, 341, 1886, with a map of the island and a plate of sections), 
describes the general features of the island, the glacial drift, and 
the stratified beds of gravel, sand and clays, Quaternary, Ter- 
tiary or Cretaceous, which, excepting gneiss over a very small 
area, are the only deposits in sight. The greatest height accord- 
ing to the Coast Survey is 384 feet. In commencing his remarks 
on the drift, Mr. Merrill says: “ Upham and others, in speakin 
of these ranges [the ranges of higher land, 100 to 384 in height 
have called them moraines. If the word moraine is to be thus 
used” “it must be taken in a different sense from that accorded 
to it in most regions of glacial action.” ‘Throughout most of 
Long Island” “the thickness of the drift marking the southern 
limit of glacial extension is very slight, and in some cases it is 
wanting ; in these cases the term moraine would be synonymous 
with the southern limit of the continental glacier.” The writer’s 
conclusion after examinations of the coast regions and the West 
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Hills and other portions of the interior, and much effort to ascer- 
tain the limit on Long Island between the drift and the Tertiary 
beds beneath, coincides with that of Mr. Merrill. The height 
above the sea-level of the Tertiary (or Cretaceous) clay beds of 
the north shore of the island north of the West Hills of the cen- 
tral line, and their occurrence near the centre of the island in 
Bethpage at a level not far from a 100 feet, just south of the high 
“West Hills” lead naturally to the inference that boring would 
find the Tertiary at a height of at least 100 to 150 feet over much 
of the higher part of this land. The summit region of the West 
Hills and the long slopes either side have their cobble stones and 
some larger bowlders, along with the usual pebbly gravel, but 
nothing ‘that would suggest by itself, as Mr. Merrill implies ,a 
terminal moraine, or its limit. © Still great bowlders occur along 
the shores, especially the northern, and on some other high 
elevations. Mr. Merrill states that one of gneiss on Shelter 
Island (in Peconic Bay) contains over 9000 cubic feet. The 
yellow pebbly gravels that cover the larger part of Long Island 
up to 100 feet and often higher, are stratified, and Mr. Merrill is 
disposed to mg them equivalents of the pre-glacial yellow 
gravels of New Jersey. Whether this is the case, or whether 
they are Champlain deposits, the writer has not been able to de- 
cide. 

The chief evidence of Cretaceous strata below Brooklyn at the 
west end of the island mentioned by Mr. Merrill is the discovery 
of an Kexogyra costata with green sand adhering at a depth of 60 
feet between Brooklyn and Flatlands, and an apparent strati- 
graphical relation to the Cretaceous of Staten Island and New 
Jersey. The author observes that the Cretaceous beds may ex- 
tend as far eastward as Glen Cove, but that no satisfactory evi- 
dence has yet been found of their extending farther. The occur- 
rence is mentioned of a tooth of Carcharodon angustidens or 
megalodon and recently of a small fossil leaf, in the clay beds of 
Little Neck ; and this is the only paleontological evidence as to 
the Tertiary. The character of the clays, the general absence 
of lamination, the white and other colors, and the presence 
of much lignite, though generally in fragments as if transported, 
are evidence of Terti: ry age, (if not of ‘Cret taceous). But where 
the Tertiary ends and the Quaternary begins is a difficult prob- 
lem unsolved. 

The varying dip and flexures in the clay beds and the gravels 
associated with them, are described, and Mather’s earlier work in 
this line referred to. This appearance of actmae is well 
known to occur in all the islands east of Long Island to Martha’s 
Vineyard. The flexures are described by Mr. Merrill as having a 
strike at right angles to the advancing glacier, and the conclu- 
sion thence drawn that they were produced by the push of the ice. 
The bays of northern Long Island, of remarkable depth (6 to 15 
miles) for a coast of grav el deposits and clays, are regarded by 
the’ author as a result of excavations that were made by the same 
movement; and the high hills severally south of the bays are 
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spoken of as attendant and consequent results, sustaining by 
their positions this view of their origin. But the absence of 
bowlders from the bottoms of the valleys and their occurrence 
over the higher hill tops throughout the island, appear to the 
writer to be facts that bear against the above view. Moreover it 
seems to be hardly possible that the broad mass of the glacier, 
by pushing against the soft gravel and clay deposits could have 
been able to excavate such long localized channels, “ walled in 
by high ridges” that are only ridges of unconsolidated material, 
making five such bays in a distance of only fifty miles. The won- 
der has been to the writer that the glacier left the soft deposits 
of so great depth—mostly over 100 feet, on the northern border of 
the island. May it not be that the glacier near its terminus had 
much less motion and therefore less abrading power than 
farther north, and that the depressions leading into and including 
these bays, and also the great Peconic Bay, are to a large extent 
results of erosion by running water before the glacier had deeply 
covered the land; perhaps from erosion by the rains that pre- 
vailed in the earlier part of the Glacial era, before the ice had 
reached so far south. The direction of movement in the glacier, 
judging from that over the higher part of western Connecticut 
was about 8S. 30°-35° E., while the trends of the five larger bays 
are, commencing with the western, (1) 8S. 114° E., (2) 8. 57° E., 
(3) 8. 10° E., (4) 8. 27° E., and (5) S. 26° E. for inner prolonga- 
tion and 8. 40°-50° E. for the main part of the bay. 

The flexing of the clay beds may well have been accomplished 
by the advancing front of the glacier. The occurrence of lake 
depressions is well known to be another common feature in Long 
Island and the islands of similar geological features to the east- 
ward; and it is a query whether the pressure of the overlying 
mass of ice added to that of the upper deposits may not in some 
places have forced the softened clay from beneath in a shoreward 
direction where was the only chance for escape, and thus have 
produced flexures and the basin-like depressions. For these clays 
of the bluffs are now constantly moving, from the pressure of 
the overlying gravel deposits aided by the outflow of the water 
of springs, thus causing fissurings and sinkings of the surface, 
great downslips of the gravel formations, the outflowing of the 
clays and thinning of the clay-beds, and making the coast region 
bad for the accurate study of the stratigraphy. 

In these questionings of some of Mr. Merrill’s conclusions, the 
writer has desired to suggest sources of doubt in order that they 
may be before future investigators. His own studies of Long 
Island have not been sufficient to settle the doubtful points. Bor- 
ings in the soft material could be easily made and they would 
give positive facts, if not succeeding in tracing out in all cases 
the lower limit of the drift. J. D. D. 

2. Mount Taylor and the Zuni Plateau ; by Capt. C. E. 
Dutron. 198 pp., roy. 8vo., with many illustrations. From the 
6th Ann. Rep. of the Director of the U. S. Geol. Survey.—The 
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study of the Zufi plateau in 1884, by Capt. Dutton, was essen- 
tially a continuation of his investigations of the plateau region of 
Utah and Colorado, the subjects of former memoirs. We take 
the following facts from the report. The plateau is situated in 
western New Mexico, between the parallels of 35° and 36° N., 
and the meridian of 108° and 109° W., near the Atlantic and 
Pacific railroad, having on the west side the Rio Puerco of the 
west, a branch of the Little Colorado, a southeastern tributary of 
the Colorado river, and to the eastward, the eastern Rio Puerco, 
a tributary of the Rio Grande. The prevailing formation about 
the region is Cretaceous—the most universal of Rocky mountain 
strata. Going westward from the eastern Puerco, the country 
becomes almost immediately that of the plateau region, which 
stretches west for 400 miles, with great uniformity in its geology 
and in the grandeur of its scenery. South of Fort Wingate rises 
the highest part of the Zufi plateau. In the ascent the rocks 
change from the Cretaceous to the Jura-Trias. These Mesozoic 
rocks dip away from the interior of the plateau at a small angle, 
while the surrounding Cretaceous beds are horizontal. Over the 
plateau the rocks, after leaving the brightly colored Jura-Trias 
of the border, are the Permian, the Upper Carboniferous, and 
crystalline rocks, which are referred to the Archean, these being 
brought to view by extensive denudation over the top of the 
swell. 

The region differs strikingly from the plateau region of Utah, 
in the absence of all formations between the Upper Carbonifer- 
ous and Archean. A generalized section of the plateau (p. 137) 
includes Upper Carboniferous, 1200 ft. (of which 800 ft. are 
Lower Aubrey, and 400 ft. Upper); Permian, 450 ft.; Trias, 
2050 ft. (1600 ft. of Luwer Trias and 450 ft. of Wingate Sand- 
stone); Jurassic? (the Zufii sandstone), 1100 ft.; the Cretaceous, 
2900 ft. (embracing 250 ft. of Dakota sandstone, 1200 ft. of Col- 
orado, shales, 900 ft. of Lower Fox Hill, 550 ft. of Upper Fox 
Hill); Laramie group, 8v0 ft.; Wasatch sandstone, 1600 ft. 
The whole, the Wahsatch included, is believed to have covered 
the Zui region in the early Tertiary. A monoclinal uplift is 
described as occurring at Nutria, where the Cretaceous stands at 
an angle of 73°. 

The high plateau northeast of the Zui mountains, north of the 
San José, has at top a broad area of igneous rocks, with Mount 
Taylor, a conical pile, toward its southern side, 11,389 feet high, 
as the great volcanic cone, standing 8,200 feet above the level of 
the plateau or mesa. Many small cones occur over the volcanic 
area marking the sites of former eruptions. The rock is mainly 
andesyte. The eruptions are referred to the Tertiary, probably 
the Middle Tertiary, the earliest “not much, if any older than the 
Miocene.” More recent lavas, with cinder cones, occur around 
the eastern base of the Zuii Plateau, the rocks of which are 
normal basalts. 

In the statement of his general conclusions Captain Duttor 
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observes that the Mesozoic strata of the Great Basin are thickest 
to the westward, being 5,000 feet on its southwestern border; in 
the High Plateaus of Southern Utah, 3,000 feet; and in New 
Mexico, if the Zui sandstone be excluded, barely 2,000 feet. 
The Cretaceous is somewhat thinner in New Mexico than in 
Utah, and much thinner to the eastward in Texas. The facts 
are supposed to indicate a western origin for the great Mesozoic 
sediments. 

Captain Dutton connects the upward flexing of the strata in the 
Zuni plateau with the upward protrusion of a boss of underlying 
Archean. He observes that in the “ mountain platforms of Colo- 
rado the rising bosses of granite have not only flexed up the beds 
on the sides of the ranges, but have caught remnants of them 
within their disturbed tracts and carried them up with them, 
bending, warping and twisting them, shattering and faulting 
them.” 

In this Rocky mountain type of mountain structure, which in- 
cludes as one of its varieties the vast monoclinal uplifts, the 
lifting force, Captain Dutton observes, acted vertically from 
beneath; and any appearances of a horizontal force are such as 
have resulted from the vertical movements. Archean rocks 
hence are often the center or core of the mass. ‘The fault-planes 
in the case of some of the monoclinal uplifts are believed to be 
vertical or nearly so, and therefore to accord with the theory of 
uplift by action from beneath. 

Captain Dutton recognizes thus that the pitch of the fault- 
planes, in the case of the grander faults of a mountain region, 
bears strongly on the question as to the method of mountain- 
making concerned ; prevailing low angles being as good evidence 
of lateral thrust as very high angles are of subvertical thrust; 
and no more important subject remains for investigation in the 
west than that relating to the dip of the planes in the grand 
monoclinal faults, about which little is yet positively known. 
The Appalachians of eastern America and the Juras and Alps in 
Europe are admitted to be wholly of different structure and 
mode of origin, lateral thrust having been somehow concerned in 
their formation. Captain Dutton’s last sentence expresses in a 
word his own opinion, and that of most investigators in the 
region: “The mountains of the West have not been produced 
by horizontal compression, but by the action of some unknown 
forces which have pushed them up.” J. D. Dz 

3. Etudes sur les Bilobites et autres fossiles des Quartzites de 
la base du Systeme Silurique du Portugal, par J. F. N. Deteapvo, 
Chef de la Section des Travaux Géologiques, Mem. de l’Acad. R. 
Sci. Lisbonne. 114 pp., 4to, with 42 plates. Lisbonne, 1886.— 
This memoir on the Bilobites, or the so-called fossil Algz of the 
Lower Silurian, and especially those of the lowest quartzyte of 
the Silurian (Cambrian) of Portugal, by the distinguished head 
of the geological survey of Portugal, is a most forcible reply to 
the arguments and evidence presented by Mr. Nathorst of Sweden 
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in favor of the foot-print origin of the fossils. The author 
answers the arguments severally that are presented by Mr. 
Nathorst, while admitting the great interest of his investigation. 
But Mr. Delgado’s most impressive argument is presented in the 
various figures of the remarkably fine specimens which he has 
obtained from the quartzyte of Portugal. The size, perfection, 
regularity of markings, and other characters, appear to place it 
beyond question that the larger forms at least are not mere 
tracks or markings on a bed of sand or mud. The many plates 
are phototypes of great perfection and beauty. The author 
reviews the literature of the subject, describes and figures the 
species of the Portugal quartzyte, some of them new, and cites, 
with remarks and figures, the published species of other regions. 

4. The Geology of England and Wales, with Notes on the 
Physical Features of the Country; by H. B. Woopwarp, of the 
Geological Survey of England and Wales. 670 pp. 8vo. London, 
1887. (G. Philip & Son).—This second edition of Mr. Woodward’s 
Geology of England and Wales has received large additions 
in its preparation, and been brought down thereby to the 
year of publication. After a brief review of the subject of 
stratigraphy that of nomenclature is briefly considered, ending 
in the decision to use the old accepted terms in the present 
state of unsettled opinions. The Cambrian period is made to 
cover the whole of the Lower Silurian, as proposed by Sedg- 
wick, in recognition of the fact that the most marked and general 
physical break in the formations between the top of the Paleo- 
zoic and the Archean is that separating the Upper and Lower 
Silurian. The work then commences with the Archean rocks 
and era, and presents the general and local facts, stratigraphical 
and geographical, for each period, with much detail and precision, 
and with a notice of the characteristic fossils, The reader derives 
from the work also a knowledge of the history of recent develop- 
ments of the science, and numerous references are given to 
memoirs and other publications. The work has many illustra- 
tions, but none of fossils—the figures of which make so prominent 
a part of the large work on general geology by Etheridge and 
Seeley. It is accompanied by a large well-colored geological 
map. The series of geological formations is far more nearly com- 
plete in Great Britain than in any investigated area of equal 
extent over the globe; and a treatise on its local geology has, 
therefore, universal interest. 

5. Geologie von Bayern, von Dr. K. N. von Gimset. Erster 
Theil, Grundzuge der Geologie, Lieferung 4.—This 4th part of 
Dr. Giimbel’s excellent work carries the volume to p. 960, and 
the descriptions of the geological formations from the Jura (p. 
721) into the Pliocene. The page is large, the type rather small, 
so that a great amount of matter is presented ; and the excellent 
illustrations are very numerous for each of the successive subdi- 
visions. The profusion of figures will be appreciated from the 
single fact that those of the Pliocene alone represent more than a 
hundred species. 
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6. Invertebrates from the Eocene of Mississippi and Alabama; 
by Orro Meyer, M.D. 6 pp. with one plate. (Proc. Acad. 
Nat. Sci., Phila., 1887).—Mr. Otto Meyer describes in this paper 
a number of new species of fossils found by himself, and gives 
good figures of them on the accompanying plate; and notes are 
added with figures also of some insufficiently known species. 

7. Contributions to Mineralogy; by F. A. Gzntu.—Dr. Genth 
has added another to his series of important papers upon Ameri- 
can minerals. This contains a number of analyses of cassiterite 
and of tin ores from Zacatecas, Mexico; they are interesting as 
showing the presence of a large amount of foreign matter chiefly 
As,O,, Fe,O, in the specimens of tin stone. <A description is also 
given of the mimetite associated with the tin ore from the Mina 
del Diablo; it appears in pseudomorphous forms, well shown in a 
phototype plate, these in part resemble reticulated galena but 
are not all reconcilable with an original isometric form. Dr. 
Genth suggests that the original mineral may have been anglesite 
with which the measured angles agree pretty well. Two analyses 
(by H. F. Keller) are given of samples of vanadinite associated 
with descloizite from the Mammoth Gold Mine near Oracle, 
Pinal County, Arizona, and another by the author from Yavapai 
County. 

The peculiar variety of descloizite from San Luis Potosi, called 
cupro-descloizite by Rammelsberg, ramirite by Velasquez, is 
analyzed anew with results identical with those of Penfield (this 
Journal, xxvi, 361); the remark is made that the tritochorite 
of Frenzel may probably have been the same mineral. Analyses 
are also given of hessite from Arizona, allanite from Chester 
County, Penn., and hisingerite from the Ducktown Mines, Ten- 
nessee. 

8. Silver in volcanic Ash.—Professor MatueT has analyzed a 
specimen of volcanic ash collected on the Pacific coast in Ecuador, 
120 miles west of Cotopaxi. The ash fell on July 23, 1885, and 
formed a deposit to the depth of several inches. The interesting 
feature in the composition of the material was the presence of a 
small amount of silver, probably as silver chloride; several 
experiments showed that silver was present to the extent of 1 
part in 83,600 of ash. This is the first time that silver has been 
identified in material ejected from a voleano.—Proc. Roy. Soc., 
xlii. 

9. Sixth Annual Report of the State Mineralogist of Cali- 
Jornia. Part 1, 145 pp. 8vo. Henry G. Hanks, State Minera- 
logist; Part Il, 222 pp. IrExan, JrR., State Mineralo- 
gist.—These two parts are published separately and bear the dates 
of 1886, 1887 respectively. The first, by Mr. Hanks contains 
chapters on the building stones of California, the mineral springs, 
a table of altitudes, and finally a check list of California minerals. 
Part II by Mr. Irelan is largely devoted to the gold mines of the 
State with descriptions of methods of working, a summary of the 
U. S. Mining Laws, ete. 
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10. Notes on the Minerals occurring in the neighborhood of 
Baltimore; by H. 18 pp. 8vo. Baltimore, 
1887.—American Mineralogists will be interested in this excellent 
summary of the local mineralogy of Baltimore. 


III. MiscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. List of Observatories and Astronomers.—Mr. Lancaster, of 
the Brussels Observatory, has issued the second edition of his 
very useful Liste Générale des Observatoires et des Astronomes, 
des Sociétés et des Revues Astronomiques ; Bruxelles, 1887, pp. 
114. It contains the location and officers of the astronomical 
observatories, general statements about all existing astronomical 
societies, institutions and journals, a list of astronomers not con- 
nected with these institutions, and a list of astronomical instru- 
ment makers. The alphabetic index contains about 1000 names 
of persons. Over 240 public and private observatories are in the 
list, and 17 astronomical journals. 

2. Transactions of the Meriden Scientific Association, vol ii, 
64 pp. 8vo. 1885-1886. This volume contains a list of the birds 
of Meriden, by F. Platt, and a note by Dr. J. H. Chapin on the 
discovery by Mr. H. H. Kendrick at the quarries in the Triassic 
sandstone of Durham, Ct., of fossil plants, and among them, the 
fruit probably of a Cycad. 

Report on the progress of the Adirondack Land Survey to the year 1886, 


with an historical sketch of the work and table of elevations, by Verplanck Colvin, 
Super’t of Surveys. 344 pp. 8vo, with many plates and maps. Albany, 1886. 


OBITUARY. 


Wuu1am Boort, well known for his deep interest in botany, 
died in Boston on May 16. Mr. Boott was born in Boston on the 
15th of June, 1805. He fitted for college at Exeter and entered 
Harvard University, but, owing to a weakness of the lungs, gave 
up his course and resided for a time in Europe, where he began 
the study of medicine. He did not complete his medical educa- 
tion, but, on his return to this country, engaged in business. 
During his long walks he became passionately fond of botany. 
Like his brother, Dr. Francis Boott, the celebrated Caricographer, 
he gave special attention to the grasses and sedges. For several 
years before his death he was an influential member of the com- 
mittee appointed by the Overseers of Harvard College to visit 
the Botanic Garden and Herbarium, and his interest in these 
institutions continued to the very last. By his request, his col- 
lections and botanical library have been transferred to the Uni- 
versity. Even during the last years of his life, when his strength 
began to fail, he was as ready as ever to give his aid and counsel 
to all younger botanists, and by them throughout the country his 
loss will be sincerely felt. G. L. G. 
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volume. 
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Dana. Third Edition, 1880. 912 pp. 8vo. $5.00.—Text-book of Geology 
by the same. 4th ed. 1883. 412 pp.12mo. $2.00.—The Geological Story 
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